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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
Washington, D. C., April 15, 1887,

Sir: I have the honor to submit herewith, through Mr. Henry Gan-
aett, Geologist in charge of Geography, a report on the determination
of astronomic positions in Missouri, Kansas, and New Mexico.

The principal results of this work were furnished to the Division of
Geography for use in the map work proper soon after the observations
were made, and the definitive latitudes together with approximate
longitudes of the primary points were published in the Sixth Annual
Report of the Survey.

. Although the immediate object of this astronomic work was the
ﬁxatnon of points within the probable limits of plumb line deflections,
it is believed that the observations are sufficiently numerouas and pre-
cise to justify their discussion somewhat in detail. Accordingly, in
the intervals afforded by other work, an attempt bas been made to
collect, arrange, and discuss the observations in such a manner as to
render their results most useful for the purposes of geography and
geodesy.

I desire in this connection to acknowledge my indebtedness to Mr.
B. C. Washington, jr., for faithful assistance in field work and in the office
computations, of which latter he has made the greater part. It is
proper also to state that the Survey is indebted for numerous courtesies
to the county, officials at Oswego and Fort Scott, Kans.; to Mr.
S. E. W. Johnson, of Elk Falls, Kans.; to the authorities of Drury
College, Springfield, and the Southwest Baptist College, Bolivar, Mo.;
to the officials of the Atlantic and Pacific Railway, Albuquerque,
N. Mex.; and to the Western Union Telegraph Company for the free
use of thun- lines in exchanging clock signals.

Very respectfully,
R. S. WOODWARD,
. , Geographer.
' Hon. J. W. POWELL, :
Director U. 8. Geological Survey.

(179)
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'LATITUDES AND LONGITUDES IN MISSOURL KANSAS.

AND NEW MEXICO.

BY ROBERT S. WOODWARD.

(1) During the months August to December, 1885, and June:and
July, 1886, the latitudes and longitudes of the following places were
determined in connection with the geographical work of the Geological
Survey, namely, Oswego, Elk Falls, and Fort Scott, in Kansas; Spring:
field and Bolivar, in Missouri; and Albuquerque, in-New Mexico. The
results of this work are here collected and discussed with such detail as
has seemed essential to their proper interpretation.

The longitudes of the above places were determined by the telegraphic

" method with respect to the observa,tory‘ of Washington University,

Saint Louis, Mo. The observations at Saint Louis were made by Prof.
H., S. Pritchett. He was assisted by Mr. A. Ramel. The field obser-
vations were made by the writer, who was assisted by Mr. B. C. Wash-
ington, jr.

At each point where astronomic observations were made a stable
and reasonably permanent pier for supporting the transit was erected.
The piers were referred geodetically to one or more public buildings
and to one or more public land survey corners. A list of the latitudes
and longitudes of the latter points, as well as of the piers, will be found
in section (21). Descriptions of the piers and the locations of the sev-
eral stations where observations were made are given below.

DESCRIPTIONS OF STATIONS.
OSWEGO, KANS.

(2) This station is situated in the court house yard on the northwest
corner of Sixth avenue and Merchant street, in Oswego, Labette
County, Kans. The pier from which observations were made is about
3.5 feet high. It is of brick, two by two and one-half brick-lengths in
cross section, and capped by a dressed sand stone about 19 inches by
24 inches in cross section and 6 inches thick. The foundation for the
pier is a cubic yard of concrete whose upper surface is about even with

. the ground surface.

(181) 9



10 LATITUDES AND LONGITUDES. . [BULL. 48.
ELK FALLS, KANS.

This station is situated on the southwest corner of Sixth and Sedge-
wick streets in the village of Elk Falls, Elk County,Kans. It is about
75 feet west of the railway eating house and about 100 feet south of the
Southern Kansas Railway. The pieris similar in form and construction
to that at Oswego, described above.

1
FORT BCOTT, KANS.

This station is situated within and near the northeast c(’ipuer of the
court house square, Fort Scott, Bourbon County, Kans. This square
is bounded on the north, east, south, and west by Birch street, Na-
tional avenue, Hickory street, and Judson street, respectively. The
pier is similar in form and construction to that at Oswego, described
above. For the purpose of fixing a meridian line permanently the
authorities of Bourbon County set in the court house square two
heavy limestone posts. These are about 4 feet long, and are set so
that their upper surfaces are about even with the ground surface. A
point, consisting of an indentation made with a center punch in soft
metal run into a hole one-half inch in diameter and 2 inches deep, was
fixed on each stone. These points definre a meridian with a probable
error of about - 10/, The point on the northern stone, which is near
the north side of the square, bears north 8° 06’ west, and is 51.48 feet
distant from the small drill hole defining the position of the transit on
the capstone of the pier. The southern stone is 287.76 feet from the

northern.
SPRINGFIELD, MO.

This station is situated in North Springfield, Greene County, Mo. It
is on the grounds of Drury College, about 50 feet east of the center of
Benton avenue, and between Calhoun and Center streets. The pier
has a foundation of a cubic yard of concrete and a superstructure of
dressed sandstone capped by a limestone slab 4 inches thick and 18
inches by 22 inches in cross section.

BOLIVAR, MO.

This station is situated in the northwest corner of the grounds of the
Southwest Baptist College, Bolivar, Polk County, Mo. These grounds
are bounded on the north, east, south, and west by Maupin, Mill, Col- -
lege, and Clarke streets, respectively. The foundation for the pier is a
cubic yard of concrete. The superstructure is of brick capped by a .
limestone slab 4 inches thick and 18 inches by 22 inches in cross section.

ALBUQUERQUE, N. MEX,

This station 1s on the grounds of the Atlantic and Pacific Railway,
Albuquerque, N. Mex. It is about 100 feet south of the general office
of the railway company, and is inclosed by a small frame building or

(182)



WOODWARD. ] INSTRUMENTS AND CONSTANTS. 11

observatory. The pier is of dressed sandstone, abont 16 inches square
in cross section, abount 7 feet long, and is capped by a limestone slab 6
inches thick and 19 inches by 24 inches in cross section.

'

INSTRUMENTS AND INSTRUMENTAL CONSTANTS.

" (3) The instruments used at Saint Louis were a meridian transit by
Fauth & Co., a chronograph by Bond & Sons; and two break-circuit
mean-time clocks, Nos. 214 and 225, by Howard. For the transit, Pro-
fessor Pritchett has furnished the following constants, which have been
used in the reductions of his time work: )

Meridian transit, Fauth &‘Co.

Focal length of telescope .........coeoooiiiLL e eananas inches.. 38.%
Clear aperture.......... g e verenceaeas do....
Magnifying POWeT «.cuuneoom it aiies ciaiie et e aaae, diameters.. leo

Equatorial intervals of diaphragm. lines used from their mean.

Wire A;4+11.41

B+ 5.70

B+ 2.85

B; 0.00) Clamp west. N
B,— 2 .85 '

Bs— 5.70

0, —~11 41

Value of one division of striding level =02.136.
In\equality of pivots=+4-0%.005 clamp west.

(4) The instruments used in the field were a meridian transit by
Wiirdemann, a chronograph by Fauth & Co., and two break-circuit
sidereal chronometers, No. 187 by Bond & Sons, and No. 353 by Blunt
& Nichols. The transit has a split base, the lower part carrying a
spindle, about which the upper part may turn when the instrament is
used for determining.latitude by Talcott’s method. The constants of
this transit are given below:

Meridian transit, Wirdemann No. 20,

Focal length of telescope -............... pemeemeeee e eecaeaaaaaas inches.. 25.50
Clear aperture .......... et e et e eiiaieciccananee caas do.... 2
Distance between principal points of objective ... ..ceueoieiaa ... inch.. 0.123
Magnifying power with diagonal eye piece ...................... diameters.. 70

(183)



12 LATITUDES AND LONGITUDES. . [BULL. 49.

- Bquatorial intervals of diaphragm lines from mean of middle five lines.!

Wire A,425%72
© A,421.51
A,417.16
14 8.71400.005
24 4.3740.005 A
3— 0.0740.005 YClamp west.
4— 4.30+0.005,
| B5— 8.7140.005
B—=17.25

B,—21.82
B;—25 .97
Table of level constants.

Levels.! No. divisions to 1 inch. | Value of 1 division.
Striding level 4 13 . 1.69=0°.113
Striding level B 20 1.55=0.103
Latitudelevel O 11 3.86
Latitudelevel D 12.5 2.10

I The letters 4, B, C, D, respectively, are eﬁgmved on the‘ glass tubes of these levels.

One revolution of zenith distance micrometer screw==80".763+
0/7.009.

Log. half revolution=1.60618.544.5.

Correction for inequality of pivots?=02068, the clamp end of the
axis being the larger. ‘ ’

Oune revolution of azimuth secrew=198".75=13s25.
One division of head of serew for wye adjustment=2",08=0¢,139.

(5) The principal details of the work of determining the above con-
stants of Wiirdemann transit No. 20 will now be given.

(2) Equatorial intervals of- lines on diaphragm.—The transit lines of
this instrament are ruled on a glass diaphragm. The intervals of the
five middle lines-from their mean were determined from the transits,
observed at Oswego, Kans., of 51 stars varying in declination from 0°
to 870, There were observed in all 161 transits of these stars. The
resulting mean values of the intervals and their probable errors are
those given above. The intervals of the outside lines from the mean

1The 'glass diaphragm on which these lines were ruled was, unfortunately, broken
while the instrnment was in the hands of the mechanician undergoing repairs in
1886.

2The pivots were re-turned and polished in 1886, and the existing pivot correction
has not been determined.

(184)



'WoODWAED. ] INSTRUMENTS AND CONSTANTS. 13

of the middle five depend on a smaller number of transits, and have
about half as great a precision as the other intervals.

The 161 transits of the 51 stars just mentioned afforded data for deter-
mining the probable error of a transit of a star across a single line or
wire. If ¢ denote the probable error corresponding to the aggregate
of those actual errors whose effect varies as the secant of the star’s
declination, & the probable error corresponding to the aggregate of
.those actual errors whose effect is independent of the star’s declination,
rand &5 the probable error of a transit over one wire of a star whose
'declination is 6; then

&2 8ec? §-4g2=¢s.

By comparing the times of transit over the individual lines with the
mean of those times a value of & was determined for each star. Con-
sidering &5 as the observed quantity and & and & as unknowns in«
the above equation, the usual process of least squares gave

&= (02,054)2+ (0°.004),
&= (05.046)? £ (0%.025)".

These results give for the probable error of a transit of an equatorial
star over one line

&= 408071,

In general, if m denote the magnifying power of a transit
81:7’5’

in which & is a constant, or the value of & when m=1. Since for the
transit used m="70, the above value of ¢ gives
k=3s18

Therefore we may write the general formula!

38.78\? ;
&=+ \/ <77:"> sec? 04-(02.05)2

(b) Focal length and magnifying power of telescope.—The focal length:
of the telescope was determined by easaring the distance between an
object and its image formed by the objective when the conjugate dis-
tances were about equal, or about twice the focal length sought. If 1

1 Dr. Albrecht, in his Formeln und Hiilfstafeln, gives

Cey= :{:\/ (3 ) sect & 4 (0°.05)2,
(185)



14 LATITUDES AND LONGITUDES. [BULL. 49.

be the focal length of the objective and 2+ Af; and 2fF 4f, be the con-
Jjugate distances, we get from the fundamental relation
L]

1,11
FEZL TFFLL L

PP

GO O

whence, neglecting the. higher terms,

Afi=4fy,

“and hence
2L Afi+ 2f FAfi=4f.

To get an idea of the magnitude of the neglected terms, suppose f=
25 inches and 4f=1 inch, then

174N\ _ 1 1/74f
CORBICo!

Great accuracy therefore in centering the lens between the object
and image is not essential. In the experiments, however, the values of
4f did not exceed one-half inch. '

The object used was a pin hole in a black paper diaphragm. The hole
was illuminated by daylight from a mirror and also by light from a lard-
oil lamp. The image was observed with a microscope whose magnify-
ing power is 33 diameters. The position of a fixed point on the micro-
scope when focused on the plane of its stage was noted, and then the
position of the same point relative to the stage was observed when the
microscope was focused on the image of the pin hole. The position of
the image relative to the microscope stage was thus known, and the
only additional measurement was that of the distance of the plane of
the microscope stage from the object. Six sets of measures were made,
four when the pin hole was illuminated with light from the mirror and -
two when illuminated by the lamp. The front of the objective Wa,sf
toward the object for one-half of the measures and toward the image:
for the other half. The image was best defined when the front of the
objective was toward the object, but in either case the image was as
well defined as the image of a star formed by the same objective. No
effect from spherical aberration was noticeable. The following are the
results obtained for the distance between the object and image, the

(186)



WOODWARD.] INSTRUMENTS AND CONSTANTS. 15

position of the objective being denoted by the letter D or R, according
as its front was toward the object or image:

\

Distance. | Objective. Light.

Inches.

102. 10 D From mirror.

102.12 D Do.

102. 07 » Do.

102,08 R Deo.

102.13 r From lamp.

102. 16 D Do.

These results indicate some slight dependence on the pdsition of the
objective and on the color of the light used to illuminate the pin-hole,
dependencies which would need examination in a more precise deter-

mination. For the present purposes, however, the arithmetical mean
of the above results suffices. Itis

102i»,11 4 0.01.

This is four times the focal length of the objective plus the distance
between the principal points. The latter distance was measured with
a microscope according to the method! given by Gauss in his Diop-
trische Untersuchungen. The result was

02,1234 0™=.001.

1 By this elegant method a microscope is focused on any object, first, when viewed
directly; and, second, when viewed through the lens, the object being in the latter
case in the axis of the lens and in contact with one of its exterior surfaces. The dis-
tance between the two positions of the microscope is then a. measure of the distance
between the principal points of the lens. The theory of this method, not given in
detail by Ganss, is as follows: \

Let P, and P, be the two positions of any point of the microscope tube when view-
ing an object, O, directly and through the lens, and %, and E; the positions of the

principal points of the lens when it is in contact with the object. Let P\ P;=s,
" E\Ey,=», f=the focal length of the lens, z="the conjugate distance OF;, and y the
corresponding distance from E; to the image, which will be in this case virtual.
Then we have

.

)

s =gy,
or
A =8-——1y.
But since '
’ 1,1_1
R
x4y = =’
whence
A= s-i—f__w

Hence if x is small 8 is a close approximation to 2, or the distance between the prin-
cipal points. For the Wiirdemann transit f=25n.5 and x does not exceed 0in,1. The
small term in the above expression is therefore not greater than ygy inch.

(187)



16 LATITUDES AND LONGITUDES. [BULL. 49,

Hence if f denote the focal length we have
4f=1011=,987 4 0i*.010,
F=25".497 40m.003.

The magnifying power of the telescope was measured by the usual
process, except that a micrometer microscope instead of a dynameter
was used to measure the image of the objective formed by the eye piece.

(¢) Values of level divisions.~—~The value of one division of each level
was found by means of a level trier. -For the use of an instrument of
this kind the Survey is indebted to Prof, William Harkuess, U. S. Navy,
who placed his excellent trier at the writer’s disposal and afforded every
facility for securing comparisons between it and the levels. The ob-
servations were made in the usual manner and reduced as follows :

Let the differences between the readings of the ends of the bubble
(whose gradunations are numbered from the center towards either end)
be denoted by dy,d;,d» . . . d,,respectively. Letthe correspond-
ing readings of the level trier be denoted by Ry, B, . . . R,, re-
spectively. Supposing the errors of observation, etc., to exist in the
values of d;, d;, etc., only, let the most probable corrections to these
quantities be v,v; . . . 9, respectively. Let y be the most proba-
ble value of one division of the level in terms of one division of the
trier, and put

Then

(B = Bo)z+v9—(dy —dy)=0,,
in which u is any integer from 1 to ». Assuming the #’s of equal
weight, we must have [vv] a minimum, subject to the » conditions sym-

bolized by the last equation. Hence the normal equations for determin-
ing x and v, are " ’

[By —Bolo+ (R — RoJoo=[(B, — Ro) (d, —db)),

[Bu —Eo)z+(n+110p=[d, —do]. .
(188)
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The results obtained by this process are given in the following table:

Values of level divisions.

Date of Lovel. | Volue of one di- | Temperature at

determination. vision. time of comparisons.

1884. " Fo,
August4....... A 1.67 84.0
August5.......] 4 171 78.5
August 4 ....... B 1.5340.01 84.0
Augusts....... B 1.58+0.01 78.5
August 4....... (o] 3.86 84.0
August 4 ....... C 3.86 84.0
August 5....... D 2.09+0.02 78.5
August 5 ....... D 2.004£0.01 : 78.5

The precision of the values for the levels A and €, whose probable

+ errors have not been computed, is about the same as that for the levels

Band D. The adopted values for levels A and O are means of those
given in the table. : .

The value of a division of levels B and .D was also determined in the
field by comparisons with the zenith distance micrometer screw. The
telescope of the-transit was directed to a distant distinct object and given
a slight motion in a vertical plane by means of the zenith distance tan-
gent secrew. This motion was measured with the levels and with the
micrometer screw, thus affording a relation between them. The process
of computation requisite to give the most probable value of a level
division from such comparisons may be briefly explained thus:

Let

w=the value of one division of the level in terms of one division
of the head of the micrometer screw.

a=observed number of level divisions over which the bubble
moves for any motion of the level.

b=the corresponding number of micrometer divisions.

Then if Ja and v denote the most probable corrections to ¢ and b, re-
spectively, we have

(a+da)x—b=v,

which must be satisfied exactly by the computed values of z, Ja, and ».
There will be as many equations of this form as there are different
values of @ or b. Subject to these equations we must also have, suppos-
ing the observed values of a and b of equal weight,

[da . dala?+[vv]=2 minimum.

(189)
Bull 49
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18 LATITUDES AND LONGITUDES. [BULL. 49

By forming the normal equations and eliminating the unknowns it
may be readily shown that

=19 w1th the weight [aa]

[aa]

Also, if the successive values of a, b, 4a, and v be denoted by the suf-
fixes1,2, . . . n,

Aa = bl::glx, @,:\(aﬁ-ddl)w—b;,
Aa2=9%12_‘”, Vp=(tz+ day)x—Dby,
[ada]=0. © [av]=0.

Finally, the probable error of an observed quantity of unit weight is

+0.6745 \/ [vo]+[da . daja?,

n

The reduction of the comparisons by the above process gave for one
division of level B

11544002,

and for level D
21154 07.02,

The temperature at the time of the comparisons was 500 F.

The values adopted for levels B and D are means of those derived
from the comparisons with the level trier and those just given above.
Thus the adopted value for level B is

3(1/.534-1/.58) 41754

. =155,

and for level D

5(2".09+2';.00)+2//.15=2(,.10.

(d) Value of one revolution of micrometer screw.—The value of one
revolution of the zenith distance micrometer screw was determined by
transits of Polaris at elongation. The times of transits were recorded
on the chronograph. The observations were treated by the method of
least squares in the manner explained in Chauvenet’s Astronomy, Vol-
ume II, section 237. Forty-one observation equations were furnished
by the times of transit across the micrometer wire, which was set suc-
cessively at each half revolution from 5.5 to 25.5. The solution of the

(190)



WOODWARD. | INSTRUMENTS AND CONSTANTS. 19

equations gave for one revolution of the screw, corrected for differential
refraction,
80,7634 07.009.

An examination of the residuals gave no indication of systematic or
large accidental irregularities in the screw. The above value has there-
fore been adopted. : ‘

(e) Correction for inequality of pivots.—The pivot correction was de-
termined from several series of observations made especially for that
purpose, and also from the working inclinations of the horizontal axis
observed during the longitude work. The result from the direct obser-
vations is

p=0%068,

the clamp end of the axis being the larger. The mean value resulting
from the working inclinations of 1884 is

p=0.060,
and that from similar data of 1885 is
p=02.070. -

The result from the direct observations has been adopted.

The wye V'’s of the transit have different angles,' and this fact re-
quired a formula of reduction differing from those given in the books.
If, in general, §, and 6, are the half angles of the wye V’s, ¢, and ¢,
the half angles of the level V’s, v and r, the radii of the pivots, ! the
length of the level, and B; and B, the observed inclinations of the axis
for clamp west and clamp east respectively,’ then it may be shown that
the following relation holds:

— 1 1 1 . 1
"ttt | =B B

sin ¢; ' 8in 4, sin & ' sin 6,
If the level V’s have equal angles, i. e., if {,=i,=¢, we have from
this equation, since

sin ¢ sin ¢ \_
P{2+m+mj =B,—B,.

This reduces to the usual form if §;=#6,. SeeChauvenets Astronomy,

! The old brass ¥’s were replaced by agate surfaces in 1836.
3That is, the apparent inclination resulting from readings of the striding level in
the direct and the reverse positions.

- (191)



20 LATITUDES AND LONGITUDES. (BULL. 40.

Vol. II, page 155. The numerical value of the coefficient of p in the
last equation was found to be 4.07.

LATITUDES. .

(6) Latitudes have been observed exclusively by Talcott’s method.
At each station a meridian mark was set up and its azimuth was deter-
mined within narrow limits from the time observations. By means of
the meridian mark the middle line of the transit was kept closely col-
limated and in the meridian. With very few exceptions the stars were
bisected at the time of transit across the middle line of the diaphragm.
~ Pairs of stars were selected for the most part from Safford’s catalogue
of 2018 stars.! Some few not embraced in this catalogue were selected
from the catalogue of U.S. Coast and Geodetic Survey,?and a few from
the Berliner Jahrbuch.

The observations of the stars selected: from the Coast Survey cata-
logue have not been reduced, for the reasons that the catalogue furnishes
approximate mean places only, and that too few were observed to make
it worth while at present to examine the general catalogues for the pur-
pose of dedacing accurate mean places.

The details of the results which have been computed are given in
Table I. The first column in these tables gives the dates of the obser-
vations. The second column gives the star numbers, these latter denot-
ing those of Safford’s catalogue, unless otherwise designated. The third
and fourth columns give the declinations of the stars for the dates
of observation, and the fifth column the half sum of the declinations
for each pair. The sixth and seventh columns give the micrometer and
level measurements, respectively, which together make up the half dif-
ference of zenith distances of the pairs of stars observed. The eighth
column gives the correction for refraction, and the ninth column gives

the result for latitude.

1Mean declinations of 2018 stars between 02 and 2 and 12b and 24 right ascension,
and 10° to 70° north declination, for January 1, 1875. Prepared under the directior
of Lieut. George M. Wheeler, Corps Engineers, U. 8. Army, Washington. Govern.
ment Printing Office, 1879,
2 Appendix No. 7, Report of 1876. Gvernment Printing Office, 1879.
(192)
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DETAILS OF LATITUDE WORK.

TaBLE I.—Details of latitude work: Station, Oswego.

21

§(2,—2,) Correc.
Date. nuﬁfﬁzr. b % doutdy Microm- ref'(l)‘;& ¢
eter. Level. tion.

1884. ;0 1 " o + " o ’ " 1 " " " (-] ’ "
Sept. 3| 672 690 |28 20 54.10 |46 04 31.89 |37 17 12,98 | — 7 12.80 | —0.47 | —0.12 | 37 09 9,59
4| 672 690 54.12 31.93 13.02 | — 7 13.82 | +0.21 | —0.12 59. 29

3| 701 714 [27 47 43.25 |46 40 51,82 |37 14 17.53 | — 4 10.25 | 4-0.47 | —0.07 58,68

4| 701 714 43.26 51.87 17.56 | — 4 19.85 | +1.05 | —0.07 58, 69

3| 72U 726 29 16 03.02 |45 20 27.57 (37 22 45.28 | —12 47.36 | +1.83 | ~0.21 59, 54

4| 721 7% 03. 06 27.63 45.34 | —12 38.36 | —6.18 | —0.21 60. 59

4| 732 739 |48 28 26.09 |26 05 14.06 (37 16 50.08 | — 6 55.53 | +3.04 | —0,12 57.47

Aug. 27| 761 773 [24 24 18.07 |49 40 36.04 |37 02 27.05 | + 7 33.48 | —1.31 | 4+0.12 59,34
Sept. 3| 761 713 18.65 36.89 27.77 | 4+ 732.43 1 —1.36 | 40,12 58. 96
4| 761 713 18.68 36. 99 27.83 | + 7 3L.66 | 0.00 | +0.12 59, 61

Aug. 27| 834 638 |33 14 09.44 |41 15 00.83 (37 14 35,13 | — 4 43.92 | +7.50 | —0.08 58. 63
28 | 834 838 09.63 01.03 35,33 ( — 4 34.11 | —1.52 | 0,08 59, 62
Sept. 3| 831 &38 10. 33 01. 83 36.08 [ — 4 36.78 | —0.31 | —0.08 58.91
4| 83¢ 838 10.42 01.9¢ 36.18 | — 4 35.40 | +0.11 | —0.08 60. 81

Aug. 27| 848 858 |48 43 20.92 |26 03 40. 09|37 23 30.50 | —14 03.16 | +0.73 | —0.22 57.85
28 | 848 838 21.15 40.28 30.71 | —13 59.85 | 4+0 37 | —0.22 61.01
Sept. 4| 848 858 22,17 40.99 31.58 | —14 03.76 | +3.67 | 40.52 61.27
Aug. 27 | 877 885 |24 04 42.60 50 11 05.20 (37 07 53.90 | + 1 59.76 | +-3.67 | +0.03 57.36
Sopt, 4{ 877 8835 43.49 05.46 54.47 | 4+ 2 05.87 | —1.99 | +0.03 58.38
Aug. 27| 927 940 |29 24 08.94 (44 42 35.80 [37 03 22.41 | + 6 35.42 | +3.14 | +0.11 61.08
28 | 927 940 09. 14 36.16 22.65 | + 6 40.37 | —2.26 | +0.11 60. 87
Sept. 3| 927 940 09. 96 37.21 23.58 | + 6 38.00 | —0.68 | 4-0.11 61.01
Aug. 27 | 974 977 44 26 47.70 |29 53 38.43 (37 10 13.06 | — 0 16,51 | +3.30 | 0.00 59. 85
28 | 974 077 47,95 38.66 13.30 | — 009.77 | —3.72 | 0.00 59. 81
Sept. 3| 974 977 49.07 39,57 14.32 | — 0 17.45 | +4.30 [ 0.00 61.17
4| 9714 9077 49.22 39. 67 14.44 | — 0 14.86 | +1.05| 0.00 60.63

Aug. 27| 936 1002 [41 30 10.33 |33 27 56.53 |37 20 03.43 | —19 07.26 | +3.61 | —0.34 59, 44
~ 28| 996 1002 10.60 56.77 03.68 | —19 02.10 | —3.45 | —0.34 57.79
Sept. 3| 9096 1002 11.72 57.78 04.76 | —19 08.56 | +3.40 | —0.34 59. 26
4| 996 1002 11.87 57.89 04.88 | —18 59.76 | —3.72 | —0.34 61. 06

Aug. 27| 113 1040 |22 19 22.92 |52 08 2¢.45 [37 13 51.68 | — 3 53.49 | +0.68 | —0.07 58.80
Sept. 3| 1013 1040 23.91 22,10 53.00 | — 3 51.35 | ~1.31 | —0.07 60.27
41013 1040 23.99 22,27 53.13 | — 3 53.12 | —1.81 | —0.07 58,63

Aug. 28 | 1038 1046 |34 46 60. 22 |10 03 51.48 {37 25 25.85 | —15 23.96 | —1.00 | —0.26 60.63
27 | 1075 1096 {23 17 16.51 |51 07 22.19 (37 12 19.35 | — 2 18.18 | +0.37 | —0.03 61,51

28 | 1075 1096 16.73 22,49 19.61 | — 220.81 | +3.61 | —0.03 62, 88
Sept. 3 | 1075 1096 17. 60 23, 94 20,77 | — 210.16 | ~1.78 | —0.03 59. 80
411075 1096 17.70 24.13 20,91 | —- 2 20.32 | —0.58 | —0.03 59, 98

Aug. 27 | 1117 1131 |49 53 0119 |24 05 01.65 (36 59 01.42 | -+11 02.17 | —3.30 | +0.19 60.48
23 | 1117 1131 01.52 01.87 01.69 { +10 58.79 | —2.31 | +0.19 58,36
Sept. 3 | 1117 1131 02.95 02.84 02.89 | 410 59,10 | —3.98 | 40.19 58. 20
1117 1131 03.13 02.96 0.04 | +1102.04 | —5.24 | +0.19 60.03

Aug. 27 | 1144 1157 (38 04 03.22 [36 33 10.96 |37 18 37.09 | — 8 38.90 | +0.94 { —0.15 58.98
28 | 1144 1157 03,53 11.23 37.38 | — 8 87,98 | +1.36 | —0.15 60. 61
Sept. 3| 1144 1157 01.82 12. 50 38.66 | — 8 37.53 | +1.00 | —0.15 61,98
4| 1144 1157 04.98 12.66 38.82 | — 838.60 | +0.47 [ —0.15 60. 45

Aug. 27 | 1192 1202 |29 56 09.86 (44 52 25.86 [37 24 17.86 | —14 17.73 | —0.10 | —0.24 59.79
28 | 1192 1202 10.13 26.17 18.15 | —14 19.53 | +3.30 [ —0.24 61.68
Sept. 4 | 1192 1202 11.43 27.85 10.64 | —14 20,90 | +0.80 | —0.24 59, 39

*The catalogue declination of 838 has beeu increased by 1.
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LATITUDES AND LONGITUDES. |BULL. 49.
TaBLE L—Details of latitude work : Station, Oswego.—Continued.
Star yz—zy | Comee
Date. pumber. s 82 4(8,48,) Mior ¥or ¢
oer. | Level | Tion.
1884, o 7 " o 7 " o ! " ’ " w o " o ¢ "

Aug. 27 | 1212 1233 (30 18 14.94 143 57 21.10 (37 07 48.02 | + 2 08.98 | +1.89 | 40.03 | 37 09 58. 92
28 | 1212 1233 15.20 21.43 48.31 | + 213.10 | —1.36 | +0.03 60.08 |
Sept. 3| 1212 1233 16. 40 22,94 49.67 | + 2 10.39 | —0.58 | 40.02 59.51 |
41212 1233 16. 55 23.14 40.84 | + 2 09.42 | 40.58 | 4-0.03 59.87 |

Aug. 28 | 1251 1267 |21 53 06.75 52 49 53.37 |37 21 30.06 | —11 31.48 | +2.15 | —0.21 60. 52
Sept. 3| 1251 1267 07.77 55.14 3145 | —11 30.20 | —1.05 | —0.21 59. 90 |
4 {1251 1267 07. 89 55.34 3161 | —11 29.60 | —1.1¢ | —0.21 60.%0 |

Aug. 28 | 1295 1306 |49 01 38.27 [25 40 59.78 |37 21 19.02 | —11 18.81 | +0.37 | —0.20 '60. 38
Sept. 3| 1295 1306 40. 01 60. 95 20.48 | —11 23.66 | +2.31 | —0.20 58.93

4 {1205 1306 40.23 61.11 20.67 | —11 22,690 | +1.89 | —0.20 59. 67

Aug. 28 | 1313 1336 |36 37 13.02 |38 01 17.53'(37 10 15.27 | — 9 10.47 | +1.94 | —0.15 57. 59
Sept. 3 /1320 1337 {23 08 18.17 |51 11 21.83 (37 09 50,00 | + 0 11.87 | —2.10 | 0,00 59,77
41320 1337 18.307 22.07 50.19 | 4+ 0 08.56 | +1.05 | 0.00 59.80 ¥

Aung. 28 | 1347 1370 49 16 46,23 (25 07 09.63 |37 11 57.93 | — 1 57.51 | —0.26 | —0.03 60.13
Sept. 3 | 1360 1373 (51 46 10.72 22 25 19,13 (37 05 44,92 | + 4 14,16 | +1.73 | +0.07 60. 88

Aug. 28 | 1380 1397 |48 46 47.67 25 23 12.43 |37 05 00.05 | + 4 57.13 | +1.62 | +0.09 58, 89
Sept. 31380 1397 49.48 13.71| 0159 | + 4 58.90 | —0.10 | +0.09 60.48 |

4| 1380 1397 49.73 13.85 01.79 | + 4 59.06 | —1.05 | +0.09 59. 89

Aug. 28 [ 1410 1424 [46 02 50.05 |28 24 28.07 [37 13 89.06 | — 3 38.71 | —1.41 | —0.06 58. 88
Sept. 3| 1410 1424 51,85 29,43 40,64 | -- 339,27 | —0.52 | —0.06 60.59 |

4| 1410 1424 52. 09 29. 61 40.85 | — 3 40.28 | +0.42 | —0.06 60. 93

Aug. 28 | 1461 1465 (37 10 40,99 {37.11 37.49 (37 11 09,24 | — 1 11.15 | +1.73 | —0.02 50. 80

Sept. 3 | 1461 1465 42,61 39,12 10,86 | — 1 14,30 | +1.68 | —0.02 58.22

4| 1461 1465 42,82 39,34 1108 | — 1 14.50 | +3.67 | —0.02 60. 23

Aug. 28 | 1512 1535 [44 35 11.25 {29 51 01.38 {37 13 06.31 | — 3 07.20 | —0.05 | —0.05 58.92 |

Sept. 3 | 1512 1535 13.09 02. 86 07.97 | — 3 08.18 | 41,05 | —0.05 60.79

41512 1535 13.35 03.05 08.20 | — 3 07.05 | —0.79 | —0.05 60 31
Aug. 28 | 1598 1616 |26 13 37.08 147 59 30.33 (37 06 38.20°| + 3 17.14 | +4.87 | 40.06 60. 27

Sept. 3| 1598 1616 38,48 41,29 39.88 | + 3 18.07 | +2.04 | +0.06 60,05

Aug. 28 | 1633 1640 (31 53 56.48 |42 16 43.13 (37 05 19.80'| + 4 41.18 | —2.46 | +0.03 58. 60
Sept. 3| 1633 1640 58,07 44.95 21.51 | + 4 38.23 | 40.37 | 40.08 60.19
Aug. 28 { 1675 1682 46 11 34.35 (28 12 07.76 (37 11 51.05 | — 1 51.82 | 4+0.52 | —0.03 59. 72
Sept. 3| 1675 1682 36, 27 09,24 52.75 | — 1 55.90 | +3.93 | —0.03 60.75
Aug. 28 | 1723 1728 |28 23 11.03 |45 44 48.63 (37 03 59.83 | + 5 57.37 | +2.10 | +0.12 59.42 |
28 | 1789 1804 |53 31 55.00 [20 48 23,93 (37 10 09.46 | — 0 10.21 | 4+1.57 | 0.00 60. 82
Sept. 3 {1789 1804 56. 94 25.16 1105 | — 0 13.73 | +3.67 | 0.00 60..99

Aug, 28 | 1814 1831 {47 13 52.47 (27 04 57.47 37 00 24.97 | 4 0 32.51 | +3.04 | +0.01 60. 53

Sept. 3 | 1814 1831 54.30 58. 86 26.58 | + 0 34.53 | —1.81 | +0.01 50. 81
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WOODWARD. ] DETAILS OF LATITUDE WORK. 23
TABLE I.— Details of latitude work : Station, Elk Falls,
Wz, O
Date. | ,Star 8 é HO1+8) . for ¢
. Microm- Tevel. refrac-
eter. tion.
18&4' [} ¢ ”n o] + o 1 " 1 " " " ] ’ "
-Oct. 1| 848 838 |48 43 24.48 (26 03 42.63*37 23 33.55 | — 2 03.01 +3.25 | —0.03 | 37 22 03.76
1.1 869 879 |21 06 19.92 |53 13 40.06 (37 09 59.99 | 4-12 05.82 | —1.41 | +0.22 04. 62
1| 890 912 (21 22 02.66 (53 09 49.94 {37 15 56.30 | + 6 07.67 | —1.41 | 4-0.11 02. 67
1] 957 970 |58 21 36.97 |16 12 38.12 (37 17 07.56 | + 4 52.77 | 42.62 | +0.09 03. 04
1| 9077 987 20 53 42.34 [45 15 34.86 |37 34 38.60 | —12 33.80 | —0.21 | —0.21 04.38
1| 996 1002 |41 30 15.36 |33 28 00.92 |37 20 08.14 | — 7 02.63 | —1.52 | —0.12 03.87
7| 996 1002 15.74 01.25 08.49 | — 7 01.50 | —3.83 | —0.12 03. 04
1]1013 102222 19 26.40 |52 42 11.87 |37 30 49.13 | — 8 48.19 { 41.73 | —0.186 02,51
711013, 1022 26. 62 12. 40 49.51 | — 8 37.89 | —8.49 | —0.16 02. 97
1| 1038 1046 {34 47 04.81 |40 03 56.55 |37 25 30.68 | — 3 25,14 | —1.21 | —0.06 04,27
711038 1046 05.20 56. 99 31.09 [ — 3 27.52 | —0.47 | —0.06 03.04
111142 1168 154 18 52.23 (20 35 49.35 137 27 20.79 | — 5 16.99 | +0.47 | —0.09 04.18
7| 1123 1133 |34 37 47.85 |39 53 43.49 (37 15 45.67 | + 6 18.76 | —0.05 | 40.11 04.51
4| 1151 1180 {48 32 34.80 (26 04 03.32 (37 18 19.06 | 4 3 43.71 | —0.79 | +0. 06 02,04
4| 1192 1202 |29 56 15.50 |44 52 33.39 |37 24 24.44 | — 2 20.37 | —1.05 | —0. 04 02. 98
7| 1192 1202 15.79 33.80 24.79 | — 2 21.98 | +1.26 | —0.04 04.03
11207 1209 |49 56 00.00 [24 51 52.56 |37 23 56.28 | — 1 66.95 | +2.36 | —0.03 01, 66
4| 1211 1229 |46 53 09.76 (27 49 30.15 |37 21 19,95 | + 0 41.92 | +1.26 | +0.01 03.14
1| 1225 1235 |47 24 51.33 |27 37 83.01 |37 31 12.17 | — 9 08.78 | 40.79 { —0.15 04.03
51225 1235 51.85 33.31 12.58 | — 9 10.64 | 40.26 | —0.15 02. 05
1| 1251 1267 |21 53 11.23 [52 50 01.67 |37 21 36.45 | 4 0 28.67 | —1.86 | +0.01 03.77
-4 | 1251 1267 11. 40 02,13 36.76 | + 0 25.40 | +0.42 0.00 02,58
5| 1251 1267 11.48 02.30 36.89 | 4 0 26.73 | —0.05 | 0.00 03.57
511294 1299 |55 19 14. 86 (19 19 02.03 (37 19 08.44 | -+ 2 53.84 | +1.21 | +0.05 03. 54
1| 1295 1306 |49 0L 46.61 (25 41 05.24 (37 21 25.92 | + 0 38.77 | —0.21 | +40.01 04.49
i 4| 1302 1306 |48 54 07.17 |25 41 05.47 |37 17 36.32 | + 4 27.28 | -+0.05 | +0.08 03.73
. 1| 1312 1832 (27 06 45.88 |47 56 28.48 |37 31 37.18 | — 9 383.26 | 40.05 | —0.16 03.81
4 | 1313 1336 |36 37 20.43 |38 01 25.33 (37 10 22.88 | 4 2 41,48 | —1.21 | -0.04 03.19
5| 1313 1336 20. 58 25.49 23.03 | + 2 40.48 | —0.63 | 40.04 03. 32
Sept. 21 | 1347 1370 |49 16 52.80 |25 07 13.05 |37 12 03.37 | + 9 58.69 | +2.41 | 4-0.17 04.64
24 [ 1371 1376 |58 15 26.41 |16 30 59.45 |37 27 42.93 | — 5 42.10 | +3.41 | —0.10 04.05
29 | 1371 1376 27.72 59. 96 43,84 | — ‘5 40.13 | +1.57 | —0.10 05.18
Oct. 11371 1376 28.11 60. 09 44.10 | — 5 39.73 | 40.16 | —0.10 04.43
4] 1371 1376 28.72 60.23 44,47 | — 539.73 | 40,10 | —0,10 04,74
511373 1390 |22 25 23.55 {52 09 55.58 |37 17 39.50 | + 4 24,13 | 40.10 | +0.08 03. 87
Sept. 24 | 1392 1399 {19 17 29.63 |55 15 38.16 (37 16 33.80 | + 5 29,95 | +0.79 | +0.10 04.73
29 | 1392 1399 30.22 39.47 34.8¢ | 4 5 20.59 | +0.52 | +0.10 05.05
Oct. 1 |1392 1399 30. 37 39.86 35.12 | + 5 26.20 | +3.72 | +0.10 05.23
Sept. 21 | 1306 1410 {28 15 34.07 |46 02 56.60 (37 09 15.33 | +12 48.46 | 0.00 | +0.22 04,01
Oct. 4 | 1392 1402 |19 17 30.56 |55 40 31.49 (37 20 01.02 | — 6 58.87 | +-1.68 | —0.13 03.70
Sept. 21 | 1420 1440 [42 15 47.85 (32 37 03.11 (37 26 25.48 | — 4 21.02 | +0.47 | —0.07 04. 66
24 | 1420 1440 48. 57 03. 74 26.15 | — 4 20.46 | —1,68 | —0,07 03.94
Qct. 111420 1440 50. 02 04. 96 27.49 | — 4 22,80 | —1.89 [ —0.07 02.73
4| 1423 1444 |59 15 42.07 15 28 39.73 (37 22 10.90 | — 0 09.13 | +3.14 | 0.00 04,91
511423 1444 42.33 39.81 11.07 | — 0 08.88 | 4+1.78 0. 00 03.97
8| 1423 1444 43.02 40. 10 11.56 | — 0 10.50 | —0.16 | 0.00 00. 90
Oct. 11464 1480 |19 23 30.37 |55 £3 07.39 |37 23 18.88 | — 1 16.76 | -+1.73 | -—0. 02 03.83 |
4 | 1473 1494 [27 45 18.55 |47 07 19.66 |57 26 18.10 | — 4 14.40 | —1.99 | —0.07 02. 64
8| 1473 1494 19.15 20. 61 19.88 | — 4 18,20 | +1.57 | —0.07 03.18

* The catalogue declination of 858 has been increased by 1'.
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24 LATITUDES AND LONGITUDES. (BULL.49.
TABLE 1.—Details of latitude work: Station, Elk Falls—Continued.
Star ya—2 C?'irorsc.
Date. ' & $(6,+62 - for )
rombers Migrom | Loval, | e
1884. o ‘ 1" o " o i ’ ” " " o "

Sept. 24 | 1493 1498 (31 50 14.67 |42 32 14.26 37 15 44.46 | + 6 13.33 | +3.72 | +0.10 | 37 22 91.61
: 20 | 1403 1498 15. 68 15.48 45.58 | + 618.13 | +0.73 | +0.10 | *  04.54
Oct. 11493 1498 15.95 15.86 45.90 | + 6 21.80 | —3.83 | +0.10 03.97
Sept. 21 | 1512 1535 |44 35 18.06 (29 51 06,64 (37 13 12.85 | + 8 51.83 | +0.21 | +0.15 04,54
24 | 1512 1535 18.85 07. 24 13.04 | + 85183 | +1.47 | +0.15 06.49

29 | 1512 1535 20. 14 03.21 14.17 | + 8 46.57 | +0.10 | +0.15 00. 99

Oct. 11512 1535 20. 55 " 08.51 14.53 | + 8 46.45 | +3.56 | +0.15 04.69
4| 1512 1535 21,12 08.88 15.00 | + 8 47.83 | +0.05 | +0.15 03.03

8| 1512 1535 22.05 09. 54 1579 | + 8 48.22 | —0.10 | +0.15 04,06

Sept. 21 | 1559 1565 |35 44 24.72 |38 41 47.80 [37 13 06.26 | + § 59.50 | —L. 47 | +0.15 04.44
24 | 1559 1565 95.41 48,56 06.98 | + 859.01 | —3.14 | +0.15 03.00

29 | 1559 1565 26. 55 49.76 08.15 | + 8 59.66 | —2.46 | +0.15 05.50

Oct. 11559 1565 26.88 50. 14 08,51 | + 8 57.84 | —3.46 | +0.15 03.04
4 | 1562 1575 {20 09 18.86 |54 37 13.33 (37 23 16.09 | — 1 12,40 | —1.31 | —0.02 02.36

8 | 1562 1575 19.35 14.45 16.90 | — 1 13.25 | +1.05 | —0.02 04. 68

Sept. 24 | 1583 1602 |24 51 00.40 (49 59 30.26 |37 25 19.83 | — 3 14.44 | —1.47 | —0.05 03.87
29 | 1583 1602 01.28 40.74 21.01 | - 3 15.24 | —2,36 | —0.05 03.36

Oct. 11583 .1602 01 52 41.21 21.36 | — 3 18.47 | +0.47 | —0.05 03.31
4| 1598 1611 |26 13 44.12 (48 23 23.04 |37 18 33.58 | + 3 20,46 | —0.47 | +0.08 02.63

8| 1598 1611 44.76 24.10 34.43 | 4 3 29.58 | 40.31 | 40.06 04.38

Sept. 24 | 1609 1621 |44 32 25.23 (29 47.22.28 |37 09 53.75 | +12 12,00 | —1.41 | 40.21 04.55
29 | 1609 1621 26. 64 23.32 54.98 | +12 06.86 | +3.14 | +0.21 05.19

Oct. 11609 1621 27.07 23,61 55.34 | +12 08.80 | —0,10 | 40.21 04.25
4| 1623 1628 |43 29 26.17 |31 11 05.88 37 20 16.02 | + 1 42.81 | +4.14 | +0.03 03.00
81623 1628 27.14 06. 62 16.88 | + 1 47.54 | —0.68 | +0.03 03.77

Sept. 24 | 1640 1652 |42 16 50.70 |32 51 46.13 (37 34 18.41 | —12 15,06 | —0.05 | —0.21 03.00
29 | 1640 1652 52.05 47.26 10.65 | —12 13.28 | —1.78 | —0.21 04.38

Oct. 111640 1652 52.48 47.62 20.05 | —12 18.28 | +2.78 | —0.21 04,34
4| 1650 1656 (30 41 34.02 {43 47 43.35 [37 14 38.68 | + 7 24.64 | —0.79 | +0.13 02.66

8 | 1650 1656 34,76 44,34 39.55 | + 7 25.97 | —2.41 | 40,13 03. 24

Sept. 24.| 1669 1675 (28 43 34.09 46 11 42,34 [3727 38.21 | — 5 27.97 | —5.47 | —0.09 04.18
29 | 1669 1675 35.11 43.82 89,46 | -~ 5 34.40 | —2.31 | —0.09 02. 66

Oct. 116690 1675 35.42 44.29 39.85 | — 533.7 | —2.57 [ —0.09 03.48
41669 1675 35.84 44,97 40.40 | — 5 35.57 | —0.58 | —0.00 04.16

8| 1669 1675 36.53 46,01 41.27 | — 5 36.25 | +0.21 | —0.09 05. 14
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WOODWARD. |

DETAILS OF LATITUDE WORK.

TABLE I.—Details of latitude work : Station, Fort Scott.

25

Star Wa-z “thon
Date. | [iiwbers. 8 8 §6r+do) Microm- reff;;c- ¢
' eter. Level. t;iou.‘
1884. o " o 7 " o " 1 " " " o ’ "

Oct. 16| 1060 1076 {24 20 15.45 [51 31 01.19 138 00 08.32 | — 9 44.52 | +1.41 | —0.17 | 37 50 25.04
16 | 170 1174 34 51 45.83 |40 42 30.04 [37 47 09.88 | + 3 13.59 | +1.83 | 40.05 25.35
28 | 170 1174 49,02 31,95 1013 | + 3 18.96 | —3.77 | +0.05 |- 25,37
16 | 1183 1202 |31 10 86.87 |44 52 34.59 |38 01 35.73 | —11 09.25 | —1.15 | —0.19 25.14
97| 1183 1202 37.06 35.08 36.07 | —11 10.78 | +0.26 | —0.19 25.36
20 [ 1203 1217 |41 18 42.37 (33 57 28.76 |37 38 05.56 | +12 20.83 | —0.58 | +0.20 26,01
16 | 1212 123 |30 18 21.G4 |45 09 51.30 [37 44 06.47 | + 6 21.88 | —2.04 | 40.11 26. 42
27 | 1212 1223 21,88 51.90 06.80 | + 6 19.34 | --0.58 | +0.11 25,76
28 | 1212 1203 21. 84 51.87 06.85 | 4 6 22.45 | -2.57 | 4-0.11 26.84
16 | 1241 1251 |54 04 56.34 |21 53 12.06 |37 50 04.20 | — 8 40.07 | --0.21 | —0.15 23.77
98 | 1252 1257 |56 27 06.09 18 53 17.95 |37 40 12.02 | +10 16.41 { —0.31 | +0.17 28.29°
29 | 1252 1257 06. 11 17.88 1199 | +10 14.92 | —0.68 | +0.17 26. 40
16 | 1250 1264 |47 04 42.34 |28 38 3¢.45 (37 51 38.30 | — 1 14.46 | —0.10 | —0.02 23.81
31 1250 1264 4311 34.71 38.91 | — 113.98 | —0.21 | —0.02 24.70
28 | 1261 1274 |45 42 38.68 |20 44 47.42 [37 43 43.05 | + 6 43.00 | —1.73 | +0.12 24.44
29 | 1261 1274 38.67 47.42 43.04 | 4+ 64131 | +1.31 | 40.12 25.78
16 | 1270 1286 |38 11 23.95 |37 33 38.86 (37 52 31.15 | — 2 04.29 | —0.63 | ~0.03 26 20
27 (i 1osef) SO a00s 20.27 | — 2 0167 | —0.21 | ~0.03 27.36
31 {}ﬁ;‘{} 128§ Eh ‘2‘3} 39.03 29,25 | — 2 03.00 | 40.26 | —0.02 26,48
16 | 1296 1314 23 22 35.88 |52 24 18,54 [37 53 27.21 | — 3 04.10 | +1.99 | —0.05 25.05
27| 1206 1314 36.23 19.79 28.01 | — 3 04.18 | +1.73 | —0.05 25, 51
31| 1206 1314 36.12 19.94 28,03 | — 300.83 | —2.31 | —0.05 24,84
28| 1302 1312 |48 54 10,16 (27 06 47.72 |38 00 28.94 | —10 02.60 | —0.42 | —0.17 25.75
16 | 1320 1326 |23 08 2334 |52 27 28.53 |37 47 55.93 | + 2 30.46 | —0.52 | +-0.04 25.91
27 | 1320 1326 23.75 29,82 56.78 | 4+ 2 29.41 | —0.10 | +0.04 25.13
28 | 1320 1326 23.73 29.87 56.80 | + 2 28.81 | +0.42 | -+0.04 * 26,07
31| 1320 1326 23.65 30.00 56.82 | + 2 29.33 | —0.52 | -+-0.04 25.67
16 | 1339 1350 |18 48 21.06 |56 58 29.38 |37 53 25.22 | — 3 00.38 | +0.89 | 0. 05 25. 68
24 | 1339 1350 21.39 30. 61 26.00 | — 3 0L.15 | +0.58 | —0.05 95.38
27 | 1349 .1350 21.37 30.91 26,14 | — 2 69.25 | —0.42 | -0.05 26. 42
31| 1320 1350 21,26 3117 26.91 | — 3 01.88 | +1.21 | —0.05 25. 49
16 | 1359 1372 |50 40 14.27 |25 03 29.92 137 51 52.00 | — 1 27.02 | +0.31 | --0.03 25.35
24 | 1359 1370 15.38 | 07 17.22 |37 53 46.30 | — 3 20.17 | +1.36 | —0.06 27.43 |-
27 1359 1370 15.65 17.27 46.46 | — 3 24.29 | +0.05 | —0.06 22.16
30 | 1350 1370 15.79 17.24 46,51 | — 32071 | +1.15 | —0.06 24,89
31 | 1359 1370 15.86 17.22 46.54 | — 320.20 | ~0.79 | --0.06 25.40
27 | 1386 1410 |20 38 38.39 |46 03 02.95 |37 50 50.67 | — 0 23.18 | —1.78 | —0.01 25.70
31 | 1386 1410 38.40 03.18 50.79 | — 0 26.01 | +0.31 | —0.01 25.08
16 | 1424 1438 (28 24 36.30 |47 22 3486 |37 53 35.58 | — 3 05.99 | —2.20 | --0.03 27.34
27 | 1424 1438 37.12 36.42 36.77 | — 312,38 | +1.00 | —0.05 . 25.34
30 | 1434 1438 315 36,64 36.89 | — 3 11.17 | —0.68 | —0.05 24.99
31| 1424 1438  37.17 36.72 36.94 | — 3 08.82 | —2.10 | —0.05 25.97
28 | 1450 1464 |56 16 24.06 |19 23 32.16 [37 49 58.1L | + 0 26.53 | +3.83 | —0.01 ' 28.46
30 | 1450 1464 24,26 32,13 58.10 | + 0 27.86 | +0.37 | --0.01 26.41
27| 1460 1464 |56 23 32.57 |19 23 32.14 |37 56 02.35 | — 5 37.01 | +1.73 | —0.09 26.08
31 | 1460 1464 32,99 32,50 02.74 | — 536.38 | +1.31 | —0.09 2758
23 | 1493 1514 31 59 19.31 |43 43 08.06 |37 51 13.68 | — 0 45.75 | —0.37 | —0.01 27.53
27 | 1500 1502 {19 38 28.77 |56 02 06.10 [37 50 17.43 | -+ 0 10.0L | —2.67 | 0.00 24.77
31| 1500 1502 28.75 06. 60- 1767 |+ 010.10 | —8.20 | 0.00 24.57
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LATITUDES AND LONGITUDES. {BuULL. 40,
TABLE L.—Details of latitude work: Station, Fort Scott—Continued.
Star 3(4—2y) (/:iror;c
Date. numbers. di 82 3(8;+82) - fur ¢
Microm. Level. refrac-
eter. tion.
1884' o ! ” [s] 1 " o] ’ ”" 1 " " " o ’ "

Oct. 16 | 1534~ 1541 {51 55 00.61 [23 59 52.72 |37 57 26.66 | — 7 03.60 | +1.89 | —0.12 | 37 50 24.83
28| 1835 1539 |29 51 11.81 |45 36 52.97 |37 43 62.39 | + 6 26.79 | —3.77 | +0.11 27,52
28 | 1543 1562 [55 17 51.10 |20 09 20.85 (37 43 35.97 | + 6 48.54 | +0.58 | +0.11 25. 20
16 | 1558 1550 {39 46 03.34 |35 44 20.52 137 45 16.43 | + 5 07.63 | +1.15 | +0.09 25.30
31 | 1558 1559 05.34 31.26 18.30 | + 5 07.74 | —0.79 | --0.09 25. 34
27 | 1563 1576 48 04 27.43 (27 27 46.21 137 46 06,82 | + 4 17.55 | +1.41 | +0.07 25.85
31 | 1563 1576 27.91 46.38 07.14 | + 4 17.72 | +0.94 | +0.07 25. &7
16 | 1579 1598 (49 25 50.99 [26 13 48,02 37 49 49,50 | + 0 38.20 | —1.52 | +0.01 26.19
27 | 1579 1598 53.13 49.11 51,12 | + 033.31 | +2.46 | +9.01 26. 90
28 | 1579 1598 53.29 49.17 51,23 | -+ 0 87.55 | —0.52 | +0.01 28. 27
30 | 1579 1598 53.53 49, 24 51.38 | 4+ 0 32.3% | +1.99 | 4+0.01 25. 69
31| 1579 1598 53.66 49.28 51.47 { + 0 34.80 | +0.84 | 4+0.01 21.21
28 | 1604 1621 (45 54 09.28 |29 47 27.33 37 50 48.30 | — 0 24.19 | +0.37 | —0.01 24.47
16 | 1608 1619 |52 35 48.91 |23 06 49.51 (37 51 19.21 | — 0 53.95 | +0.37 | —0.02 25. 61
31 | 1608 1619 51,89 50. 60 21.24 | — 0 56.05 | 4+0.58 | —0.02 25.75
16 | 1636 1647 |31 45 22.77 |43 26 25.82 (37 35 54.20 | +14 32.52 | —0.68 | +0.24 26. 37
27 | 1636 1647 24. 20 27.87 56.03 | 414 32.14 | -6.08 | +0.24 22.33
28 | 1645 1658 |57 55 08.55 (17 45 57.44 [37 50 32.99 | — 0 05.77 | —1.31 | 0.00 25.91
30 | 1645 1638 08. 90 57.45 33.18 | — 0 05.25 | —2.20 | 0.00 25.73
16 | 1668 1687 |57 25 46.64 |18 29°01.91 (37 57 24.27 | — T 0175 | —1.15 | —0.12 21.25
28 | 1668 1687 49,58 02.72 26.15 | — 703.12 | +0.79 | =-0.12 23. 70
16 | 1703 1707 {49 48 07.01 |26 16 54.81 (38 02 30.91 | —12 05.14 | +0.32 : —0.20 25.89
28 | 1703 1707 09.70 56.13 32,91 | —12 14.09 | +9.38 | —0.20 28.00
16 | 1718 1727 [57 53 38.05 |17 34 28.25 (37 44 03.15 | + 6 23.98 | —2.04 | --0.11 25. 20
27 | 1118 1727 40.97 29,01 04.99 | + 6 17.00 | +2.46 | 4+0.11 24.56
31 {1718 1727 41,80 29.08 05.44 | + 6 21.16 | +0.79 | 4+0.11 27.50
28 | 1723 1735 |28 23 22,04 47 30 53.01 (37 57 07.58 | — 6 38,16 | —4.51 | —0.11 24,74
30 | 1725 1743 (28 27 29.16 |47 18 37.12 {37 53 03.14 | — 2 40,96 | +2.46 | —0.04 24. 60
16 | 1744 1752 |38 02 42.64 {37 20 00.53 !37 4121.58 | + 904,90 | +0.37 | +0.15 21. 00
27 | 1744 1752 4.61 02.47 23,54 | + 900.95 | +1.94 | +0.15 26. 58
28 | 1744 1752 44.75 02.61 23.68 | + 9 04.34 | —0.47 | +0.15 27.70
31| 1744 1752 45.12 02. 97 24.04 | + 9 05.31 | +0.73 | +0.15 30.23 |
16 | 1762 1782 |56 08 44.33 19 39 44.55 37 5¢ 14.44 | — 3 46.21 | —2.04 | —0.06 26.13
31,1762 1782 48.13 45.59 16.86 | — '3 47.35 | —0.63 | —0.06 28. 82
16 | 1792 1801 |26 37 20.69 (48 43 25.13 (37 40 22.91 | +10 02.37 | 4+0.42 | +0.17 25. 87
28 | 1800 1814 |28 41 21.08 47 14 08.92 (37 57 45.00 | — 7 18.42 | —0.58 | —0.12 25. 88
31 | 1800 1814 21,32 09, 44 45,38 | — 723.92 | +2.31 | —0.12 23. 65
16 | 1815 1827 |47 39 22.01 (28 05 37.40 !37 52 20,70 | — 2 00.94 | —2.36 ; —0.03 26.37
28 | 1833 1833 [50 56 50.93 |24 40 28.11 (37 48 39.52 | 4+ 1 44.67 | +1.31 | +0.03 25.53
28 | 1857 1887 [53 35 23.57 |22 06 43.24 |37 51 03.40 | — 0 37.47 | —0.16 { —0.01 25.76
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WOODWARD.]

DETAILS OF LATITUDE WORK.

TABLE L.—Details of latitude work : Station, North Springfield.

27

Correc-
Date Star 5 & §61482) e Sor ‘s
* | numbers. ! ! Microm- Lovel refrac.
b eter., o | tiom.
1884. o/ " o 7 " o " o "o, " o &
Nov. 8| 1396 1410 (28 15 38.28 (46 03 03.84 |37 09 21.06 | 4 3 53.97 | +-0.58 | +0.07 | 37 13 15.68
’) 8 | 1425 1454 146 40 51.06 28 02 35.59 [37 21 43. 33).-825.45 | —4.09 | —0.14 13. 65
9 | 1425 1454 51,10 35.59 43.84 | — 831.02 | +3.30 | —0.14 15. 48
10 | 1425 1451 51,11 35.55 43.83 | — 830.50 | +0.73 | -—0.14 13,42
8 | 1461 1465 37 10 53.35 [37 11 50.01 (37 11 21.68 | + 1 54,64 | 40.84 | +0.03 17.19
9 | 1461 1465 53.39 50. 03 2171 | 4 1 55.57 | —1.26 { +0.03 16. 05
10 | 1461 1465 53.40 50. 05 2172 | + 1 54.44 | +1.26 | +0.03 17.45
8 | 1493 1498 (31 59 19,99 |42 32 21.41 (37 15 50.70 | — 2 32.24 | —3.20 | —0.04 15.22
9 | 1493 1498 20.01 21.46 50.73 | — 2 36,64 | +-0.73 | —0.04 14.78
10 | 1493 1498 20. 02 21,50 50.76 | — 231.03 | —2.99 | —0.04 16.70
(10| 1522 1528 |44 24 47.54 (29 37 27.54 37 01 07.54 | +12 06.13 | 43.77 | +0.20 17.64
811525 1539 (28 42 42.31 |45 36 55.99 {37 00 49.15 | 4+ 3 27.08 | —0.21 | +40.06 16.08
9 [ 1525 1539 42,34 56.06 49.20 | 4 3 26.83 | 4-0.30| 4-0.06 +16.19
8| 1541 1546 |23 59 54.13 |50 04 23.98 |37 02 09.05 | +11 07.82 | —0.58 | +0.19 16.48
9 | 1541 1546 54.16 24.10 09.13 | 411 06.28 { +1.05 | +0.19 16. 65
10 [ 1541 1546 54.15 24.16 09.15 | +11 06.61 | —0.63 | +0.19 15.32
811562 1575 |20 09 21.23 (54 37 20.77 (37 23 21.00 | —10 04,02 | —1.36 [ —0.17 15,45
9| 1562 1575 21.26 20,90 21,08 | —10 08.02 | 40.58 | —0.17 13.47
10 | 1562 1575 21.24 20. 99 21,12 | —10 04.27 | —0.94 | —0.17 15.74
8 | 1579 1583 |49 25 54.91 (24 51 05.10 (37 08 30.00 | + 4 44.56 | +0.63 | +0.08 15.27
9| 1579 1583 55,03 05.14 30.08 | + 4 47.59 | —3.20 | +0.08 14. 55
10 | 1579 1583 55.13 05.14 30.13 | + 4 47.03 | —1.99 | 40.08 15,25
8 | 1589 1598 |48 40 27.02 (26 13 47.64 (37 27 07.33 | —13 52.05 | —0.31 | —0.24 14.73
9| 1589 1598 27.15 47.69 07.42 | —13 52.74 | 4+1.05 | —0.24 15.49
10 | 1589 1598 27.23 47.71 07.47 | —13 53.66 | 4-1.26 | —0.24 14.83
8 | 1609 1621 44 32 34.12 (29 47 28.24 |37 10 01.18 | 4+ 3 15.69 | —0.31 | +0.06 16 62
9 | 1609 1621 34.23 28.31 01.27 | + 3 15.41 | —1.10 | +0.06 15,64
10 | 1609 1621 34.33 28.36 01.34 | + 3 14.56 | —0.21 | +0.06 15.75
8| 1633 1640 [31 54 09.27 [42 16 59.39 (37 05 34.33 | + 7 42.17 [ —0.21 | +0.13 16-42
9| 1633 1640 09.36 59. 51 34.43 | + 7 43.25 | —2.46 | +0.13 15.35
10 | 1636 1640 31 45 25.42 59.60 (37 01 12.51 | +12 03.67 | 4+2.10 | +0.20 18.48
8| 1650 1656 |30 41 38.58 (43 47 50.07 |37 14 44.33 | — 1 26.09 | —1.62 | —0.03 16. 59
9 | 1650 1656 38. 66 50.20 44.43 | — 120.00 | 40.94 | —0.03 16. 34
10 | 1650 1656 38.70 50. 31 44.51 [ — 130.21 | 4+1.41 | —0.03 15. 68
8| 1675 1682 |46 11 52.24 |28 12 19.63 (37 12 05.93 | + 1 09.62 | +0.42 | 40.02 15.99
- 9| 1675 1682 52,39 19,71 06.05 | + 1 09.54 | +1.05 | +0.02 16. 66
10 | 1675 1632 52. 52 19.76 06.14 | + 1 09.37 | +0.37 | +0.02 15. 90
8 | 1695 1697 [52 05 54.56 (22 00 39.27 (37 03 16.91 | + 9 59.10 | +0.21 | +0.18 16.40
. 9| 1695 1697 54.73 39.32 17.02 | + 9 57.49 | +0.42 | 4+0.18 15.11
10 | 1695 1687 54. 89 39.36 1712 | + 9 59.34 | +0.84 | 4-0.18 17.48
12 | 1695 1697 55.16 39. 36 17.26 { + 9 57.60 | +0.94 | +0.18 15.98
8 (1702 1705 [24 30 17.71 (49 53 35.85 (37 11 56.78 | + 1 16,36 | +1.68 | +0.02 14.84
9| 1702 1705 17.77 36.02 56.90 | + 119.19 | —0.42 | +0.02 15.69
12 [ 1702 1705 17. 84 36.43 57.14 | + 1 22.1¢ | —0.79 | 4+0.02 18. 51
8 [ 1744 1747 |38 02 46.38 |36 09 01.89 (37 05 54.13 | + 7 19,75 | +0.84 | +40.12 14.84
10 { 1744 1747 46. 62 02.12 54.37 | + 7 21.12 | 4-0.16 | +0.12 15,77
12 | 1744 1747 46. 80 02.28 54.54 | + 72209 | —1.99 | 4+0.12 14.76
9 | 1780 1804 (53 29 23.04 |20 48 33.20 [37 08 58.12 | + 4 20.14 | —1.10 | +40.08 17.24
8 | 1788 1803 (53 34 19.39 120 37 54.02 (37 06 06.70 | + 7 06.39 | +1.29 +0.13 15,21
9 | 1788 1803 19. 60 54.08 06.84 | + 700.17 | —1.15 | +0.13 14. 99
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LATITUDES AND LONGITUDES.

[BULL. 49.

TABEL I.—Details of latitude work : Station, North Springfield—Continued.

o St wa-z) | Cpee
Date. | | umbers. LA 82 4(8;4-8,) - for ¢
Microm- Level. refrac.
. eter. tion.
1884. o " o " o 7 " t " " o ¢+ u
Nov. 12 | 1788 1803 |53 34 20.16 [20 37 54.16 (37 06 07.16 | + 7 07.31 | +1.57 | -10,13 | 37 13 16.17
10 | 1789 1803 |53 32 15,88 {20 37 54.12 (37 05 05.00 | + 8 10.31 | —0.05 | 40.13 15.39 |
81808 1825 [24 00 01.54 (50 20 35.40 |37 10 18.47 | - 2 58.29 | —0.10 | +0.05 16.71
9| 1808 1825 01.63 35. 62 18.62 | + 3 02.48 | —4.40 | +0.05 16.75
10 | 1808 1825 01.69 35.80 18.74 | 4 2 58.04 | —0.31 | +0.05 16. 52
9 | 1837 1845 [48 03 25.92 |26 22 43.77 (37 13 04.84 | + 0 10.66 | —1.21 0. 00 14.20 |
10 | 1837 1845 . 26.11 43. 86 04.98 | + 0 10.26 | +0.05 0.00 15. 29
12 | 1837 1841 |48 03 26.43 |26 35 15.23 |37 19 20.83 | — 6 03.27 | +0.16 | —0.10 17.62
8| 1851 1857 (20 37 51.41 |53 85 26.20 {37 06 38.80 | 4 6 36.94 | +1.41 | +0.12 17.27
9 | 1851 1857 51.50 26.44 38.97 | + 6 36.23 | +1.68 |.+0.12 17.00
10 | 1851 1857 51.54 26. 55 30.04 | + 630.77 | —2.25 | +0.12 16. 68
12 | 1856 1869 |31 11 18.53 |43 19 52.62 |37 15 35.57 | — 2 20 73 | +1.83 | —0.04 16. 63
8 | 1867 1871 (54 21 27.55 (20 07 42.72 137 14 35.14 | — 1 21.57 | +2.52 | —0.02 16.07
9| 1867 1871 27.81 42,80 35.30 | — 1 21.25 | 40.84 | —0.02 14. 87
10 | 1867 1871 28.03 42.85 |, 35.44 | — 1 16.64 | —3.30 | --0.02 15.48
10 | 1888 1890 |44 43 38.34 {20 27 21.87 {37 05 30.10 | + 7 47.09 | —1.78 | +0.13 15. 54
12 | 1888 1890 38.66 22.02 30.34 | + 745.79| —1.36 | -+0.13 14.90
8 ({1903 1920 (28 08 17.55 146 24 54.59 |37 16 36.07 | — 3 22.88 | +40.37 | —0.06 13. 50
' 9 | 1993 1920 17.67 54. 80 36,24 | — 3 22.35| +1.73 ] —0.06 15. 56
10 | 1903 1920 17. 77 55. 01 36.39 [ — 320.70 | —0.68 | —0.06 14.95
12 | 1903 1920 17.91 55. 36 36.63 | — 3 22.15 | 4-1.57 | —0.06 15. 99
8 | 1950 1957 [39 59 43.88 (34 30 58.33 {37 19 51.10 | — 6 37.19 | 4+2.62 | —0,11 16. 42
9 | 1950 1957 44. 08 58,50 51.29 | — 6 36.31 | 42.31 | —0,11 17.18
12 ] 1950 1957 44.54 58.87 51.71 | — 6 32.46 | —2.36 | —0.11 16.78
8| 1976 1990 |54 34 45.31 |20 14 46.04 (37 24 45.67 | —11 27.57 [ —0.05 | —0.20 17.85
9 | 1976 1990 45,54 46.13 45.83 | —11 29.14 0.00 | —0.20 16.49
12 | 1976 1990 46,08 46.24 46.16 | —11 28.05 | —1.62 | —0.20 16.29
8 | 2003 2007 {20 30 01.01 |53 55 56.91 137 12 58.96 | + 0 18.09 | —1.94 0. 00 16.11
9 [ 2003 2007 01.10 57.10 59.10 | + 0 17.97 [ +0.94 0.00 18.01
12 | 2003 2007 01.23 57.60 59.41 | + 0 16.44 | +0.42 0. 00 16.27
812009 2010 (32 43 47.50 |41 46 40.95 (37 15 14.22 | — 1 57.23 | —0.52 | —0.03 16.4
12 | 2009 2010 48.01 41. 66 14.83 | — 1 59.93 +0.63 | —0.03 15. 50
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WOODWARD.)

DETAILS OF LATITUbE WORK.

TABLE L.—Details of latitude work : Station, Bolivar.

29

” 7 Correc-
Dat Star 5 8 Si+-62) A oo ®
e numbers. ! ’ ot Microm- Level refrac-
eter, *| tion.
188’- o 1 " o 1 " o 1 " 1 " " " o 7 "

Dec. 3| 1386 1410 {29 38 37.66 |46 03 03.19 |37 50 50.42 | —14 14.68 | —1.00 [ —0.24 | 37 36 34.50
3 | 1431 1446 |24 47 15,70 |50 15 38.70 (37 31 27.20 | + 5 07.71 | —1.05 | 40,09 " 33.95
3| 1500 1502 |19 38 28.03 |56 02 08.69 |27 50 18.36 | —13 44.31 | +1.78 | —0.25 35.58
3| 1623 1633 |43 29 33.81 (31 54 09.73 |37 41 51.77 | — 5 16.47 | -+0.79 | —0.09 36. 00
3| 1640 1652 (42 17 00.71 (32 51 43.74 |37 34.22.22 | + 2 08.57 | —0.10 | +0.03 30.72
4] 1640 1652 00.74 43.76 22,251 + 20809 | +1.99 | +0.03 32. 36
3| 1669 1675 |28 43 40.69 |46 11 54.34 |37 27 47.51 | + 8 48.36 | —0.79 | +0.15 35.23
1] 1683 1702 |50 59 16.55 |24 30 21.24 |37 44 48.89 | — 8 09.42 | —1.47 | —0.15 37.85
3| 1683 1702 16. 72 21.30 49.01 | — 810.19 | —1.78 [ —0.15 36. 89
3| 1707 1716 |26 16 59. 85 |49 14 04.94 |37 45 32.39 | — 9 03.45 | +8.70 | ~0.16 37.48
11723 1743 |28 23 23.77 {47 18 41.44 |37 51 02.60 | —14 31.90 | 4-1.68 | —0.25 32.13
1] 1764 1782 |56 00 31. 54 |19 39 46.25 [37 50 08.80 | --13 34.45 | +1.05 | —0.23 33.26
1| 1792 1801 |26 37 23.99 |48 43 33.31 [37 40 28.65 | — 3 52.19 | —0.47 | —0.07 35.92
11812 1821 [51 42 36.67 |23 88 36.55 |37 40 36.61 | — 3 58.32 | —2.78 | —0.07 35.44
1| 1850 1867 (20 47 03.57 (54 21 31.54 (37 34 17.55 | + 2 18.91 | —L.73 | +0.03 34.76
3| 1850 1867 03. 62 31. 86 1774 | + 2 19.44 | —0.84 | +0.03 36. 37

Nov. 26 | 1879 1885 54 32 27.32 |20 25 28.10 37 28 57.71 | + 7 36.75 | +1.36 | +0.14 35. 96

Dec. 3| 1883 1888 (30 43 53.53 (44 43 41.36 [37 46 17.44 | — 9 42,87 | +0.26 | —0.16 34. 67

Nov. 26 | 1937 1957 40 49 55.83 |34 40 00.30 |37 44 58.06 | — 8 23.56 | +1.52 | —0.34 35.88

Deec. 31937 1957 56.49 00. 80 58.64 | — 819.88 | —~1.57 | —0.14 37,05
111955 1962 |25 09 56.40 |50 06 40.46 |37 38 18.43 | — 1 44,18 | 4-0.8¢ | —0.03 35.06
211955 1962 50. 44 40. 63 18.53 | — 1 46.97 | +4.51 | —0.03 36.04
711955 1962 56.72 41.49 19.10 | — 1 44.02 | 40.87 | —0.03 35.42

Nov. 26 | 1976 1990 {54 34 46.51 (20 14 46. 60 |37 24 46.55 | +11 47.03 | +1.83 | 4-0.21 35.62

Dec. 11976 1990 47.30 46.55 46,92 | +11 49.06 | —1.52 | 4-0.21 34,67
2 | 1976 1990 47. 50 406. 59 47.04 | +11 44.21 | +3.77 | +0.21 35.23
3| 1976 1990 47. 69 46. 62 47.15 | +11 48.53 | —0.16 | +0.21 35.73
7 11983 1996 |29 01 10.38 (46 32 08,55 {37 46 39.46 | —10 04,02 | 40.52 | —0.17 35.79
7| 2013 2018 |17 41 62.60 |57 52 40.70 |37 47 21.65 | —10 47.35 | 4-0.81 [ —0.18 34. 06
1 M 48 44 31.69 |26 47 09.06 |37 45 50.37 | — 9 16.8L | +-1.57 | —0.16 34.97
2 ) 31.86 09. 11 50.48 [ — 9 20.38 | +4.77 | —0.16 34.71
3 ) 32,03 09.16 50.59 | — 9 14,24 | —L1.83 » —0.16 34.36
7 ) 32.67 09. 34 5100 — 914,68 —0.26 | —0.16 35.90
1 2 39 40 32.18 135 27 29.92 (37 34 01.05 | + 2 32,96 | +1.57 | -+0.04 35,62
2 (] 32.31 30. 02 01.16 | + 2 31.87 | +2.10 | 4+0.04 35.17

19 Persei, 41 Arietis.

2 ¢ Persei, § Persei.
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30 LATITUDES AND LONGITUDES. [BULL. 49.

TABLE L.—Delails of latitude work: Station, Albuquerque.

' ym-zy | Opee
Date. nugmtt?:rs. 8 & 18,48 : for é
l Microm- Level. refrac-
eter. tion.

‘ 1885. o 7 o " o 7 " i " i l n Q "
June 25 | 287 201 (19 44 44.94 (50 21 46.44 135 03 15.69 | + 1 15.85 | 41.05 ; +0.02 | 35 04 32.64
i . 25| 296 306 [22 46 06.06 |47 17 37.51 {35 01 51.78 | + 2 40.35 | +-1.41 | +0.04 33.58
% 25 | 320 327 |27 01 09.68 |42 52 04,90 {34 56 37.28 | + 7 54.88 | —0.21 | --0.14 32.09
] 30| 320 327 ) 10.95 05. 58 37.92 | + 7 5455 1 —0.89 | -+0.14 31.69
‘ 25 | 346 348 |22 30 12.29 {47 44 07 05 (35 07 09.67 | — 2 39.75 | +1.94 | —0.04 31.82
I 80 | 346 348 12. 28 07.83 10.85 | — 2 387.36 | —1.78 | —0.04 - 3L17
25| 378 388 {30 02 10.73 |39 59 44.77 |35 00 57.75 | + 3 32.41 | 4.2.88 | +0.06 33.10
30 { 378 388 11. 46 45. 59 58.52 | + 3 33.54 | -+0.52 | +0.06 32.64
25 | 399 401 |44 24 39.53 25 30°16.95 34 57 28.24 | + 7 02.07 | —-0.47 |'+0.12 30.23
l 25 | 426 438 |50 05 02.92 20 02 37,13 {35 03 50.02 | + 0 42.16 | +0.21 | +0.01 32.40
30| 426 438 03. 84 37.80 50.82 | 4 0 39.41 | +3.46 | +0.01 33.70
25 | 456 4687126 25 24.34 (43 28 37.66 |34 57 01.00 | + 7 32.87 | —1.62 | +0.13 32,38
July 9| 456 468 26. 80 40. 61 03.70 | + 7 27.55 | 40.89 | 40.13 32.27
June 30 | 479 494 |33 39 14.86 |36 47 13.24 35 13 14.05 | — 8 42.62 | 4-0.63 | —0.14 31.92
July 9| 479 494 16.74 15. 22 15,98 | — 844.35 | +1.57 { —0.14 33.06
June 25 | 508 519 (23 24 42.74 |46 35 28.09 {35 00 05.42 | + 4 25.42 | 4-2.57 | +0.07 33.48
30 | 508 519 43. 57 29. 20 06.38 | + 4 26.96 | —0.63 | +0.07 32.78
July 5| 508 519 44.56 30.44 | 07.50 | 4+ 4 27.04 | —2.57 |, 4-0.07 32.04
9 508 519 45.31 31.39 08.35 | + 4 27.97 | —4.30 | +0.07 32.09
12| 508 519 45.7 31.92 08.81 | + 4 24,41} —1.78 | +0.07 31.51
June 25 | 524 527 |32 36 18.38 |37 39 34.88 (35 07 56.63 | — 3 24.81 | —1.41 | —0.06 30.35
July 8 524 527 20,04 36.61 58.32 | — 3 26.27 | —1.00 | —0.06 30.99
5| 524 527 20. 48 37.11 58.79 | — 3 28.73 | 4+3.14 | —0.06 33.14
9 52¢ 527 21.35 38. 04 59.69 | — 3 28.45 | 4-1.78 | —0.06 32.96
12| 524 527 21.83 38. 54 60.18 | — 3 26.19 | —0.94 | —0.06 32,99
June 25 | 549 568 |30 44 37.10 (39 08 42,25 |34 56 39.67 | + 7 54.52 | —3.14 | +0.13 3118
27| 549 568 37.53 42.76 40.14 | 4 7 49.52 [ 4-3.67 | +0.13 33.46
July 3| 549 568 38.73 44.10 41.41 | 4 753.15 | 4+1.05 | +0.13 35.74
5| 549 568 39.20 | . 44.65 41,92 | 4 754,12 | —4.03 | +0.13 32.14
9| 549 568 40.11 45,64 42.87 | + 7 49.07 | 40.84 | +0.13 " 32.91
10 | 549 563 40. 29 45. 84 43.06 | + 7 48.83 | +1.89 | +0.13 33.91
12| 549 568 40.58 46.21 43.40 | + 7 49.48 | —0.26 | +0.13 32.75
3 596 619 (25 55 11.96 (43 58 22.47 (34 56 47.21 | + 7 44.59 | 4.1.62 | +0.13 33.55
5. 596 619 12.43 23. 05 47.74 | + 7 45.51 | —0.42 | +0.13 32.96
596 619 13.33 24.16 48,74 | 4 7 45.52 | —0.84 | +0.13 33.55
12 | 596 619 13.83 24.81 . 49.32 | ¢ 742,17} +2.10 | 4+0.13 33.72
3| 639 641 {36 56 34.93 (33 13 42.03 {35 05 08.48 | — 0 38.56 | +1.47 [2—0.01 3150
5| 639 641 35.48 42.57 09.02 | — 0 42.08 | +4.98 {2—0.01 32,03
9| 639 641 36. 56 43. 62 10.09 | — 0 43.25 | --0.42 |2—0.01 31.37
10| 639 641 36.79 43.85 © 10,32 ] — 042,04 | +4.35 | —0.01 32.62
12| 639 641 . 87.20 44.23 10.71 | — 0 39.33 | +1.10 |2—0.01 32.59
3| 643 652 (37 24 58.48 |32 37 12.08 |35 01 05.28 | + 3 21.50 | 3.56 | +-0.05 30.39
61 0643 652 59.33 12,90 06.11 | + 3 26.71 6.00 | +0.05 22.87
5| 646 670 138 56 01.69 131 14 53.32 |35 05 27.50 | — 1 00.57 | +4.40 | —0.02 3131
9| 646 670 02.81 54.39 28.60 | ~— 0 55.85 | ~1.10 | —0.02 31.63
12| 646 670 03.45 55.01 29.23 | — 0 58.68 [ —1.05 { —0.02 29. 58
3| 683 690 |24 22 57.01 |46 04 18.59 (35 13 37.80 | — 9 06. 32| —0.05 | —0.16 31.27
5| 683 690 57.52 19.22 38.37 | — 9 07.57 | +0.68 | ~0.16 31.32
6 683 690 57.78 19.53 38.65 | — 9 05.01 | —2. §2 —0.16 29.96
11| 689 703 ;31 16 05.44 (38 55 54.74 |35 06 00.09 | — 1 22.74 | —1.78 | —0.02 33. 55
3| 705 710 19 17 46.80 |50 48 45.23 |35 03 16.01 | + 1 13. Ly +2.41 | +0.02 32,18

! Reduced to meridian, -0/.27. ?Reduced to meridian, +0".12.
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TABLE I.—Details of latitude work: Station, Albuquerque—Continued.

st wz—z | Ogree
Date. num:llygrs‘ o b §E+8) Microm- | 1 1 reff?‘;c. ¢
eter. ' ’%B ] tion.
) 1885. o s " o ¢ ‘tu o ¢ " ’ 1" ] " " o ¢ "
July 5| 705 710 {19 17 47.26 |50 48 45.88 {35 03 16.57 | -+ 1 13.49 | +1.57 | 4+0.02 | 35 04 31.65
6 705 710 47.51 46.21 16.86 | + 117.05 | —1.15 [ +-0.02 32.78
9| 705 710 48.21 47.18 17.69 | 4+ 117.13 | ~3.30 | +0.02 3L. 54
10 705 710 48.40 47.47 17.93 | 4 113.70 [ +0.10 | 4-0.02 31.75
11} 705 710 48.58 47.74 18.16 | + 1 14.67 | +0.10 | 40.02 32.95
11| 711 728 [48 25 48.75 |21 36 03.30 |35 00 56.02 | + 3 36.04 | +0.68 | +0.06 32. 80
3| 715 723 |40 02 02.63 (30 12 11.27 [35 07 06.95 | — 2 35.18 | ~0.10 | —0.04 31.63
5| T5 723 03.24 11.81 07.52 | — 2 35.18 | —0.26 | ~0.04 32.04
6| 715 723 03. 56 12,11 07.83 | — 234,14 | —1.15 | —0. 04 32. 50
9| 715 723 04.46 12.94 08.70 | — 2 37.61° +2,10 | —0.04 33.15
10 715 723 04.73 13.19 03.96 | — 2 39.46 | +5.14 | —0.04 34.60
3| 748 753 |31 22 51.59 (38 44 44.10 (35 03 47.84 + 0 42.44 2,10 | 4-0.01 32.39
5| 748 753 52.16 44.72 48.44 | 4 044.90 ! —1,36 | +0.01 31.99
6| 748 753 52.47 45. 04 48.75 | + 0 42.72 | +0.47 | +0.01 31.95
9| 743 753 53. 32 45. 98 49.65 | + 0 41.43 | 40.63 | +0.01 3L.72
10| 748 753 53.59 46. 26 49,92 + 040.70 | +3.77 | +0.01 34.40
11| 748 753 53.83 46,52 50.17 | + 0 42.64 | —0.89 | +0.01 31:93
3| 784 793 |23 47 38.60 (46 07 58.07 (34 57 48.33 | + 6 42.37 | +2.78 | +0.12 33,60
51 784 793 39.13 58.75 48.94 | + 6 43.97 +40.16 | -+0.12 33.19
6! 784 793 39.40 59. 10 49.25 | + 6 42.44 | +0.63 | +90.12 32.44
9| 78¢ 1793 40.22 08 00.12 50.17 | + 6 36.22 | 47.07 | 0. 12 33.58
10 (1 784 793 40.46 00. 44 50.45 | 4 6 46.63 | —3.25 | +0.12 33.85
11§ 784 793 40. 69 00.73 50.71 | + 6 44.63 | —3.14 | +0.12 32.32
3 811 822 |52 05 29.71 (18 03 28.34 (35 04 29.02 | 4 0 01.01 | -2.93 0.00 32.96
5| 811 822 30.41 28.83 20.62 | + 0 03.55 0.00 0.00 33.17
6 811 822 30.83 29. 08 29.95 | + 00162 | —0.79 0.00 30.78 |
9| 811 822 31.89 29.85 30.87 | + 002.02 | 4-3.83 0.00 32.68
10 | 811 822 32.17 30. 07 31.12 | + 0 03.07 [ —1.41 0.00 32.78
1 819 832 |37 29 22.35 |32 41 06.51 (35 05 14.43 | — 0 40.87 | —1.94 {1—0,01 3L.73
31 834 841 [33 14 00.51 136 49 55,58 (35 01 58.04 | 4 2 34.66 | —0.42 | -+0.04 32.32
5| 834 841 01.12 56. 20 53.66 | + 2 34.14 | 4-0.10 | -+0.04 32.94
91 83 841 02. 39 57.53 59.96 | + 2 32.96 | —1.78 | +0.04 3L.18
10| 834 841 02. 66 57.83 60.24 | + 2 33.89 | —1.31 | +0.04 32.86
11| 824 ‘841 02.94 58.11 60.52 | + 2 3L.67 | 4-1.47 |!'40.04 83.82
3| 873 883 (31 34 38.07 (38 44 59.62 |35 09 48.84 | — 5 16.63 | —0.47 | —0.09 3L.65
5| 813 883 38.65 45 00. 27 49.46 | — 5 17.72 | 40.84 [ —0.09 3249
3| 889 896 |31 05 44.97 ({38 57 06.97 i35 01 25.97 | + 3 05.51 | +0.52 {2+40.05 32.20
5| 889 896 45.35 07.62 26.48 | + 3 05.76 | —1.47 |240.05 30.97
0| 889 896 46.61 08. 97 27.79 | 4+ 3 03.65 | +0.05 [240.05 31.69
10| 889 896 46.91 09. 29 28.10 | 4 3 04.14 | +0.31 [94-0.05 32.75
11| 889 896 47.17 09. 42 28.29 | 4 3 03.90 | 4-0.47 | 4+0.05 32.71
3| 808 915 {21 02 07.96 (49 21 34.74 |35 11 51.35 | — 7 18.70 | 4-0.68 [3—0.13 33.27
5| 898 915 08.48 85. 44 5196 | — 719.63 | —0.84 |3—0.13 31.43
9 898 915 09. 59 36.91 53.25 ( — 7 22.22 | +0.73 {3—0.13 3L.70
11| 898 915 10,09 37.59 53.84 | — 721,13 { —0.89 {3—0.13 31.76
31 938 955 |36 05 27.86 (34 12 44.62 35 09 06.24 | — 4 35.16 | +1.26 | —0.07 32.27
5| 938 955 28.48 ‘45,22 06.85 | — 4 33.75 | —1.21 | —0.07 31.82
9| 938 955 20.83 46. 55 08.19 | — 4 38.02 | 45.08 | —0.07 35.18
11 928 955 |36 13 45.76 |34 12 47.16 |35 13 16.46 ' — 8 45,85 | +2.10 | —0.15 32.56
3| 969 1002 [36 41 36.02 |33 27 49.90 |35 04 42.96 | — 0 10.30 | +0.47 0.00 33.13
5| 969 1002 36. 67 50. 51 43.59 | — 012.40 | 40.26 0,00 .3L.45
11 969 1002 38.65 52.46 45.55 | — 0 13.41 | —0,58 0.00 31,56

! Reduced to meridian, 407.12.

2 Reduced to meridian, +0".15.
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(7) Combination of results for latitudes.—In order to combine the
separate results given in the preceding table so as to obtain the most
probable value for the latitude of any station, we must determine the
proper weight for the mean of the results for latitude from any one
pair of stars. Suppose a pair has been observed on » different nights.
Then, if ¢ is the probable error of a single half difference of zenith dis-
tances of the stars and e and e, the probable errors of their declina-
. tions, respectively, the weight of the mean of the results from this pair
will be proportional to

1
2
(e°+e’) +62 ) +_

Values for ¢; and ¢, in this expression are given by Safford in the in-

troduction to his catalogue. They are—

Probable error of declination for star of class AA, 0".18
Probable error of declination for star of class A, 0 .28
Probable error of declination for star of class B, 0 .43
Probable error of declination for star of class C, 0 7

A value for ¢ was found by the process of comparing the individual
results from any pair of stars with their mean. For this process the
observations of 1884 furnished 314 measures on 113 pairs, this being
the number of pairs, each of which was observed on more than one
night. It was found that

e=+10".68.

Rounding this value of e and the above values of ¢; and ¢, to the near-
est tenth of a second the following table of working weights has been
constructed :

Table of weights for latitude resulls.

Weights for combinations of classes.
No. of

Dightspair | A4 | A | AA |[AA] A | A | &
isobserved. | 51 | and | and | and | and | and | and| and | and | and
AA | A B C A B C B C C

) PP 0.98 [ 0.96 | 0.93 { 0.80 | 0.93 | 0.90 {0.79 | 0.88 | 0.77 | 0.68
R 1.89 11.80 | 1.69 | 1.32 1 1.72 | 1.63 | 1.28 | 1.54 | 1.23 | 1. 02
 F 2,72 12.55|2.34 | 1.69 | 2.40 | 2.21 | 1.62 | 2.05 | 1,53 | 1.22
S, 3.51 3.23 é 90 | 1.96 (2.99 | 2.70 | 1.87 | 2.47 | 1.75 | 1.36
| D 4.24 13.83 13.38 217 (3.503.122.06 281 |1.92|1.46
[ P 4.93 [ 4.39 1 3.60 | 2.834 | 3.95 | 3.47 [ 2.21 | 3.10 | 2.05 | 1.53
Teeereennnnnn 5.56 | 4.89 | 4.17 | 2.47 | 4.35 | 3.77 | 2.33 | 3.33 | 2.15 | 1.59

With the above weights the adopted values for the latitudes of the
geveral stations have been derived. The individual and mean results
for each pair and the weights for the means are collected in Table IL
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TABLE II.—Results for latilude : Slation, Oswego, Kans.

Individual results.
St:l‘;d“(';]':sl:“ Mean. | Weight.
Aug. 27, Aug. 28, | Sept. 3. | Sept. 4. | °
1" " "

672A  * 690A 59. 59 59. 29 59,44 1.8

T0LAA | TI4C , 58. 68 58. 69 58. 68 1.3

T21A 7260 feeeeeiiniieieae| eimeeanns 59. 54 60. 59 60. 06 1.3

732C  739A . g, 57.47 57.47 0:8

761A.  773B £0.34 |ieeueann.. 58. 96 59. 61 59. 30 2.2

834AA 838C 59.49 2.0
848C 858C 60. 04 1.2

8718 8858 57.87 15

927B  040C 60. 99 1.5

974C  9T7A 60. 36 1.9

996C  1002A 59,39 1.9
1013A 10404 59.23 2.5
10088 1046B 60. 63 0.9
1075A 10963 61.04 2.8
11173 11314 59. 27 2.8
1144A  1157A 60. 50 3.1
11924 1202AA 59.79 6168 (.ceee..... 59.39 ,60.29 2.6
1212A  1233A 59. 59 3.1
1251A.  1267C G0,37 1.6
1205B  1306A 59, 66 2.2
1313A  1336A 57.59 1.0
1320A.  1337C 59,78 1.3
1347C  1370A 60.13 0.8
1360B  1373A . 60. 88 0.9
1380A  139TAA [ieniivicerennnn. 58,89 60.48- 59.89 59.75 2.6
1410C  1424A 58,88 60.70 60.93 60. 20 1.6
1461A  1465B 59. 80 58,22 60.23 59.42 2.2
1512B _ 1535B 58.92 60.79 60. 31 60.01 2.1
1598A 1616A 60,27 60.05 |......... G0.16 1.8
16338 1640B 58, 66 60.19 |.......... 59. 39 15
1675C  1682A 59,72 60.75 |.ceee....| 60.23 1.3
1723A  1728C  |......... P 59.42 |...ceiifiinenaian 59.42 0.8
1798B 18044  |iceeceiioii.... 0. 82 60.99 |.......... 60. 90 1.6
1814A  1831A  |.......... veeees| 60.53 59,81 |.aceeenn.. 60.17 1.8

Weighted mean, 37° 09’ §97.81+07,09.
(205) :
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TABLE IT—Continuned.—Resul(s for latitude : Station, Elk Falls, Kans.
Individual results.
Star numbers ] - & o
and class. ;:‘ . g % : 3 ‘: : : E %
i | &1 1818|588 14]¢
"
848C  858C 03.76 [ 0.7
869C 879B 04.62 | 0.7
890B 912AA .1 02.67 | 1.0
957A.  970A 03.04 | 1.0
977A 98TA 04,38 | 1.0
996C  1002A 03.46 { 1.3
1013A. 1022B 02.74 | 1.6
10388 10468 03.65 | 1.5
1123A 1133A 0451 1.0
1142C  1168C 04.18 | 0.7
1151B  1180A 02,04 1 0.9
1192A 1202AA |. 03.50 | 1.8
1207A 1208A 01.66 { 1.0
12118 1229C 03.14 1 0.7
12253 1235AA |. 03.0¢ | 1.7
1251A  1267C 03.31 ] 1.6
1204B  1200AA 03.54 | 1.0
1295B  1306A. 04.4910.9
1302B  1306A. 03.73 (0.9
1312A 13324 03.81 1.0
[ 1313A 1336\ 03.25 | 1.8
1347C  1370A 04.64 0.8
13718 1376A 04.60 | 2.8
1373A. 1390C 03.87 { 0.8
1392C 1399B 05.00 | 1.5
1392C 1402B 03.70 | 0.7
13968 14100 04,01 | 0.7
1420C  1440A 03.78 | 1.6
14234 1444A 03.20 | 2,5
1464C  1480B 03.83 | 0.7
1473A 14943 02.91 | 1.6
1493A. 14983 03.37 | 2.2
1512B * 1535B 03.97 | 3.1
1559C  1565C 04,00 | 1.4
1562A  1575C 03.52 | 1.3
1583A  1602C 03.51 | 1.6
1598A. 1611B 03.50 | 1.6
1609C 1621B 04.66 | 1.5
1623B  1628A 03.39 | 1.6
16408  1652A 03,94 | 2.2
16504 1656B 02,95 | 1.6
1669A 1675C 03.92 | 2.1

Weighted mean, 37° 22/ 03,64 £ 0".07.
(206)
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TaBLE II—Continued.—Results for latitude: Station, Fort Scott, Kans.

Star numbers and
class..

Individual results.

Oct. 16.

Oct. 24

QOct. 27.1 Oct. 28. | Oct. 29.

Oct. 30.

Oct. 31.

Mean.

Weight.

| 1060B  1076C
1170A  1174C
11834 1202AA
1203C¢°  1217B
12124 1223C
12814 1251A
12528 . 1257C
12594  1264C
1261A  12T4A
1270A A 1286A.

1270AA
iy }mssA

1206A.  1314B
13028 1312A
13204  1326C
1330A 13504
13504 1370A
13504 13724
1386A  1410C
14244 1438C
14508 1464C
1460A  1464C
1493A  154B
1500A  1502B
1534C  1541A
15358 15398
15438 1562A
15588 1550C
15634 15764
15794 1598A
1604C  1621B
1608A.  1619A
16364 1647C
16453 16584
16688  1687AA
1703C 17074
17184, 1727B
17234 1735C
172544 1743C
17444 17524
1762C  1782A
1792C  1801B
1800A A. 1814A.
1815A  1827B
18338 1853B
1857A.  1887B

o ’ "
37 50 25.04
) 25.35
25,14

....... 25.37 |........
25,86 |..eeiaeifiaiaian
................ 26. 01
25,76 | 26.84 | .......
........ 28.29 i 20.40
........ 24,44 | 25,78
2780 | eevvaen]innnnnnn

25,04
25,36
23.25
26. 01
26,34
28.77
27.34
24.25
25.11
26, 20

26.92

25.13
25.75
25. 69

24,97
25.35
25.39
25.91
27.43
26.83
21.55
24,67
24,83
21.52
25.20
25,32
25. 86
26. 85
24.47
25. 68
24,35
25. 82
22.47
26. 94
25.75
24.74
24.60
27.88
27.47
25. 87
24,76
26, 37
25,53
25.76

0.7
L3
1.8
0.7
1.6
1.0
1.2
1.3
1.8
1.0

2.3

2,2
0.9
19
3.1
3.1
1.0
L3
L9
L2
1.3
0.9
1.6
0.8
0.9
0.9
L2
1.8
3.5
0.7
18
L3
LG
L7
1.3
2.2
0.8
0.8
3.1
1.3
0.7
1.8
0.9
0.9
0.9

Weighted mean, 37° 50’ 25,76+ 0".11,
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TABLE II—Continued.—Results for latitude: Station, North Springfield, Mo,

Individual results.
Star numbers Mean. | Weight.
. Nov. 8. Nov. 9. | Nev.10. | Nov.12.
o ’ “ 1 " " "
1396B  1410C 37 13 15,68 | ceeoe il aiiecenn. ceeeeee | 15,68 0.7
1425C 1454B 13.65 14.18 1.5 Q
1461A 1465B 17.19 16.90 2.2
1493A  1498B 15.22 15,57 2.2
15228 1528A 17.64 0.9
1525A. 1539B 16.13 1.6 |°
1541A 1546C 16.15 1.6
15624 1575C 14.89 1.6
1579A 1383A. 15.27 15.€2 2.5
15898 1598A. 14.73 15.02 2.2
1609C  1621B 16. 62 16.00 1.5
1633B  1640B 16.42 15.88 1.5
1636A 1640B  [..... T 18.48 0.9
1650A. 16568 16. 59 16. 20 2.2
1675C 16824 : 15.99 16.18 1.6
1695C 1697C 16. 40 16.24 L4
17024 1705C 14.84 16.35 | 1.6
1744A 1747A . 14.84 15.12 2.5
1780C  1804A ) 17.24 0.8
17888 1803 A 15.46 2.2
17894 1803A  |ieceweienriennns 15.39 1.0
1808A 1825A. © 16,71 16. 66 2.5
1837TA 1845B  |iceedieceaneen-. 14.79 1.6
1837A 1881A  |oiveenionn..n 17.62 1.0
1851B  1837A. ©oneT 16.98 2.2
1856A 1869B  |...eeerenieeens 16.63 0.9
1867A 1871B 15.47 2.2
18888  1890A.  |........ 15.22 1.6
1903A.  1920B 15. 00 2.8
1950A. 1957A 16.79 2.5
1976C 1990AA 16.88 L7
2003B  2007C 16.80 15
20098  2016AA 15.97 1.7
Weighted mean, 370 13/ 157,96 07,10,

(208) ‘ -

.



WOODWARD.] - RESULTS FOR LATITUDE. 37

TaBLE II—Coutinued.—Results for latitude : Station, Bolivar, Mo.

Individunal results.
Star numbers and class. . Mean. | Weight.
Nov. 26. Dec. 1.| Dec. 2. | Dec. 3. | Dec. 4. | Dec. 7.

1386A.  1410C 34. 50 0.8
1431A  1446B 33.95 0.9
1500A 15028 35,58 0.9
1623B  1633B 36. 00 0.9
16408  1652A 31.54 1.6
1669A.  1675C 35.23 0.8
1683B  1702A 37.37 1.6
1707A.  1716C 37.48 0.8
1723A.  1743C 32.13 0.8
1764A A. 1782A 35.26 1.0
1792C  1801B 35.92 0.7
1812C 18214 35.44 0.8
1850C 18674 35.56 1.3
1879B  1885B 35.90 0.9
1883B  1888B 34.67 0.9
19378 1957A 36.46 1.6
1955C  1962A 85. 51 1.6
1976C  1990AA 35.31 2.0
1983A  1996C 35.79 0.8
20134 2018C  {ieeeeneniecnnnficmienniinnnian feeniien]iennnan. 34.96 | 34.96 0.8

[ 24.97| 34.71 ] 34.36|........ 35.90 | 34.98 3.5

(G I PO, 35,62 | 35,17 [ceeveeci|eaernanifinnnnnn. 35.40 1.9

19 Persei AA, 41 Arietis AA.
2¢ Persei AA, § Persei AA,

Weighted mean, 37° 36/ 35.22+0.20,
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“TapLe II—Continued.—Results for latitude : Station, Albuquerque, N. Mex.

Individual results.
R 8 § Ble w|we|a |3 583
g a 2 o R I I - T R g ‘5
E Sl E|EIE|B|RIE B8 |48]¢k
o] ’ " " " 17 1" " " " .Il n "
287TA 291B (35 04 32.64 |.cuceileaees|ioemas]mmaaliaae i iceaai e et Lesed| 8264} 0.9
296A. 306C 33.58 33.58| 0.8
320A  327B 32,09 31.89| 1.6
3468 348C 31.82 3L49| 1.2
378A  388C 33.10 32.87| 1.3
309C 401B 30.23 [.e... RN TR PN IS [N FUUSUN PR IS 30.23| 0.8
426C 438A 32.40 |...... &S0 Y DR PR FUUU PO U SO 33.03] 1.3
456A  468B LI (RN PR N DUNU S LI DO DU IO 32.321 1.6
4794 404A 32.49| 1.7
508A  510A 32.38| 3.5
524A  527A 32.09| 3.5
549A  568A 33.16| 4.4
596A  619B 33.44| 2.7
639A  641A 32.02| 3.5
643A  632A 3163| 1.7
- 646C 670B 30.84| 1.5
€83C 690A 3085 1.6
689A  T03C |.eceiiirernifimmmaifieanns PR IR FURU PR P 35.35 |...... 35.35| 0.8
7058 TI0B |.cevvverenasfomenafennnn| 32,18 | 3165 32.78 | 31.54 | 31.75 [ 32.95 |...... 32141 3.1
(A0 V- -7 N IO U U RN U J PO P R 32.80 |...... 32.80| 0.9
715A  728A |l veweei]iees..] 81,63 82.04(32.50|33.15|34.60 |......|..... 32.78| 3.5
T48A  T53A |.ecern oa.. teseer|ieee..]32.3931.99 | 31.95 | 31.72 | 34.40 | 31.93|...... 32.40| 4.0
784A  793C 33.16) 2.2
811A  822A 32.47| 3.5
819A €324 |. 3173 0.9
834AA 841A 32.62| 3.8
873B 883C 32.07] 1.2
880A  89GA. 32.06| 3.5
§98A.  9I5A |. 32.04| 3.0
938A 9554 33.00 2.4
928A 955A 32.56| 0.9
969A  1002A 32.05| 2.4

Weighted mean, 350 04 327,40 £0".09,
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LONGITUDES. v

(8) Programme for time determination.—In the time determinations.and
clock comparisons for the longitude work the following programme was
adhered to as closely as circumstances would permit:

1. Observation of four to six time stars with as many sets of level
readings.

2. Reversal of transit.

3. Observation of four to six time stars with as many sets of level
readings.

4. Exchange of signals.

5, 6, 7. Repetition of 1, 2, 3.

(9) Method of reduction.—In a time determination the essential quan-
tity sought is the clock correction or error of the time piece used at
some determinate epoch, and the unessential quantities with which
that correction is involved in the function observed are the azimuth and
collimation of the transit and the rate of the time piece. It would evi-
dently be desirable, if possible, to so arrange the observations that the
coefficients of the azimuth, collimation, and rate in the normal equation
for the clock correction would vanish. Although it is usually impossi-
ble to thus eliminate the effect of the azimuth, collimation, and rate com-
pletely, it is generally possible to make a close approximation thereto.
To shiow this fact analytically, and also exhibit the process of reduction
followed in computing the clock corrections, let

dt=the correction to the time piece at the epoch ?,
t=the observed time of a star’s transit,

a=the star’s right ascension, s
a=the azimuth of the instrument,
c=the collimation of the instrument,

r=the rate of the time piece,

A=the azimuth factor,

C=the collimation factor,

p=the weight of (t—a),

v=the residual error.

Then the type observation equation is

At Aa+ Ce+(t—to)r+t—a=v. (1)
The norﬁlal equation in 4t is
[pl4t+[pAJa+[pCle+[p(t—to)]r+[p(t—a)]=0. (2)

To secure the complete ehmmatxon of the effect of @, ¢, and » in this
equation we must have

[pA]=0, [pC]=0, and [p(t—1)]=0. (3)
(211) '
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The last condition can always be satisfied by making!

b=t @

‘-——"\__a

~ A close approximation to the first two conditions of (3) can be secured
by selecting stars suitably situated north and south ot the zenith and
by reversals. These considerations were followed so far as possible in
making up the working programme given above.

When the observations are so arranged that the first two of the con-
ditions (3) are approximately satisfied, the clock correction 4¢ can be
readily derived from (2) without forming the other three normal equa-
tions. Thus, divide equation (2) by the coefficient of 4¢ and put

__[pA] __[PC] ynq gro_[BE=)]
B 7] y ¥V 7] , and At ‘ 7] (5)
Then we have
dt=2Jt,+ Ba+ye. (6) .

Now, since § and y are by hypothesis small quantities, we ueed only
approximate values of a and ¢ to énable us to get Jt, from (6) with the
required degree of precision.

In the practical application of this method it has been found advan .
tageous to proceed by the following steps:

1. Form the normal equation (2) in the usual manner and compute to
by (4) and the reduced normal (6).

2. Disregarding weights, the mean of the observation equations for
clamp west minus the mean of those for clamp east will give an approx-
imate value for the collimation e.

3. The application of this value of ¢ to each observatlon equatlon will
give a corrected valie of (t—a) for each star.

4. An approximation to the value (or values) of the azimuth ¢ will
then result by eliminating J¢ from one or more pairs of the corrected
observation equations reached in step 3. This azimuth may then be
applied to correct the values of (¢—a) reached in step 3.

5. The approximate values of @ and ¢ will now give 4¢ from (6), and
the addition of 4¢ to the values of (t—a) reached in step 4 will give
approximate values for the residuals ».

6. Form [pv]. If this sum is not zero within 0501 or 0°.02 a brief in-
spection will show what changes in a and ¢ will make it zero within
those limits.

After one night’s work at a station it is usually easy to render a and
¢ small, so that if 8 and y, as defined by (5), are likewise small, the cor-
rect \*fﬂne of dt, may be very readily determined without going through

11t may be shown that the wemht of the value dt,, corresponding to the epoch
defined by (4), is a maximum. :

‘ . (212)
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all of the above steps. But the entire process may be carried out and
the check sum \

[pv]=0 .

gatisfied as nearly as need be in less time than would be required to
form and solve all the normal equations.

By the above process the value of the clock correction 4¢ and the
epoch ¢, are derived from each of the two time determinations. Call-
ing the corrections 4¢ and 4t”, respectively, and the corresponding
epochs #y’ and ¢, the rate of the time piece will be given with sufficient
accuracy by the equation

At — 4t
== @

(10) Weights.—The errors to which the observed quantity (t—a) is
subject may be divided into four classes, viz:

1. Errors whose effect varies as sec ¢, 0 being the star’s declination.

2. Errors whose effect is independent of the star’s declination.

3. Culmination errors not involved in 2.

4. Error in the adopted right ascension of the star.!

The errors of the first and second class may differ for the transits
over different wires by entirely independent amounts, while those of
the third and fourth class are the same for the transit over every wire.

Hence, denoting the probable errors for a single transit over oune
wire corresponding to these sources by &, &, &, and &, respectively,
and supposing the observed time ¢ a mean of the times of transit over
« lines, the square of the probable error of ({—a) will be

&2 &2 '
_?;_ sec? & +_7.i_+ &2 &2

If unit weight be assigned to the mean transit of an equatorial star
over n threads, the weight p of the mean transit of a star whose dec-
lination is & over N threads will be expressed by

o

&, &’ 2 2
422 belte
P + &° &

(8)

P) 3 :
%‘, sec? 6‘+%+£3’+£42
The values of & and &, for the Wiirdemann transit No. 20 have been
given in section (5), (). They are, rounding them to the nearest hun-
dredth,
&=-0%05 and &= 0°05.

1To these might be added the error due to uncertainties in the inclination of the
horizontal axis of the transit.

°

(213)
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The values of &and ¢, can not be sharply defined, but we may safely
assume for the present purposes that & lies between 0203 and 0506, and
that ¢, for stars of the Berliner Jahrbuch lies between 05.02 and 02,06}

In computing weights from the above formula we have used

&=-+40%05 and &= 0s.03.

With these valuesof ¢ . . . ¢ and n=N=35, the above formula
becomes '
_ 44
p—-39+5 sec2 6’

This has been used for computing weights to be applied to the transits
of 1884, wheun, as a rule, only five wires were observed. For the transits
of 1885, when seven wires were observed, a similar formula, derived
from (8), with the above constants and n=N=/7, has been used.

For the transits observed by Professor Pritchett we have taken

L] 2
=00,

a value-somewhat greater than would result from the square of the ra-
tio of the magnifying power of his instrument and that of Wiirdemann

No. 20, viz:
T0°\2
| ()"
For his transits n=N=1.

It has been deemed sufficient to use the néarest tenth for the weight
computed as explained above. The working weights may be conveni-
ently tabulated in the following form, which is the table of weights used
in reducing the transits observed with the Wiirdemann transit No. 20
in 1884: :

o Ji

00° 00"
1

34 14
9

51 15
8

69 43
T

65 20

This means, for example, that the transits of all stars whose declina.-
tions fall between 51° 15’ and 59° 43’ have a weight 0.8.

(11) Details of time work.—The following table, Table 1II, gives the
principal details of the time work at the field stations and at the observ.

11t is here assumed that the probable error of the tabular right ascensions does not
vary with the declination, which is probably nearly the case for stars between —20°
and 4-60° of .declination.
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atory at Saint Louis. The first column of the table gives the names of
the stars observed. The second column shows the position of the tele-
scope by defining the position of the clamp. The third column gives the
weights. The fourth column gives the azimuth factors 4,and the fifth
the collimation factors 0. The sixth column gives the observed time of
transit (mean time of wires) corrected for inclination of horizontal axis
and daily aberration. The seventh column gives the residuals resulting
from the observation equations on substituting in them the clock cor-
rection, azimuth, and collimation.

The right ascensions of the stars observed in 1884 have been taken
for the most part from the Berliner Jahrbuch; some, however, whose
day places are not given in the Jahrbuech, ha,ve been taken from the
American - Ephemeris. The right ascensions of all stars observed in
1885 were taken from the Jahrbuch.

Following each table, giving the above data for a time determination,
are the normal equation for-4¢ and the reduced normal, or the former
divided Ly the coefficient of 4t. There are also given the adopted
values of the azimuth and collimation and the clock correction with its
epoch. The values of the azimuth and collimation are called adopted
values, for the reason that they were obtained in the manuer explained
above and not from the nsunal full number of normal equations. They
may differ in some cases by a few hundredths from the rigorous least
square values, but such differences do not affect the exact determination
of the clock correction.

(12) Personal equation work—On two mghts in August 1884, before
commencing the longitude work in Kansas and Missouri, and on two
nights in the following December, after completing that work, observa-
tions were made for the relative personal equation of Professor Pritchett
and the writer. These observations were all made at Saint Louis with
Professor Pritchett’s transit. The two observers alternated in observ-
ing, each observing a sufficient number of stars to secure a time deter- -
mination. Both sets of observations were reduced by using the same
azimuth and collimation, and the difference of the resulting clock cor-
rections gave a measure of the personal equation. The details of these
observations are given in the same tabular form as the other time work,
and may be seen on pages 84 to 87.

In the determination of the longitude of Albuquerque, N. Mex., in
1883, observations for personal equation were made at Saint Louis on
three nights before the work at Albuquerque was begun and on two

‘nights after it was completed. .For this purpose the instruments of
the Survey were mounted in a temporary observatory alongside that
of Washington University, and each observer used his own apparatus
for observing and for exchanging clock signals precisely as in the lon-
gitude work. The details of these observations follow those of the
other time work at Saint Louis in 1885 (see pages 102 to 111).

(215)
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TasLE III.— Details of time work.

[Oswego, Kans., August 29,1884. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A c t v

’ h. m. e 8.
7 Ophinchi..euvenennen... w. 1.0 +0.83 | +L04 17 04 09,88 +.05
¢ Draconis .... ceveeennn. .6 —1.17 2.44 08 48.73 +.24
B Ophiuchic.meeeneenenen. 1.0 + .96 .10 | 19 43.96 4,04
- Herculis ..... [, 9 — .22 1.44 36 35.50 +.06
p Herealis coveets veeennn. 1.0 + .18 1.13 42 20.00 —.09
£ Draconis .ce. ceeennn. 8 | — .62 1.83 51 5172 —.06
67 Ophiuchi.eeseeneenn-... w. 10 + .56 | +1.¢0 55 15.97 —12
109 Herculis «ceveeennn.... E. 1.0 +0.29 | —1.08 18 19 11.18 —.11
b DracoDis . ceueenenenne .. .8 —.71 | 193 22 37,26 —.10
110 Horculis veeeeveencns... 10 + .31 1.07 41 06,35 +.04
YLYIB e cecen cneilennns 1.0 + .10 1.19 55 02,22 +.08
¢ Aquile ..... . eeeeans E. 1.0 + .41 | —1.03 19 00 3L15 +.02

Normal equation, 11. 1At+1. 1342, 4-0. 542a +2. 580¢+31. 345=0
“ Normal equation, 1 4+0.102  +40.049 40.232 4 2.824=0
Adopted a,,=~—1°.09 a,=—1%.09 c=0s.25

Chronometer fast 22 72 at 18%. 02.

[Oswego, Kans., August 29, 1884, After signals. Observer, Woodward.]

Name of star. Clamp. | Weight. 4 g . t : v

. h m. s 5.
¢ Cygni ...... ceenan ceoesas E. 0.8 —0.42 —1.63 19 33 0.2 —. 03
7 Aquil® ... _ Lo + .51 1.01 58 55.06 +.10
6 Aquilee ........... 10 4 .62 1.00 20 05 45.94 +.05
o' Cygni-.ceeae.enns .9 — .2 1.45 10 24,57 +.08
x Cephei,pr ........ I —2.85 |© 4.57 13 1L.50 +.19
¥ CFEOE ceveereieneaanas .9 — .06 1.30 18 29.91 | +.04
7 Capricorni.....cevueeee.. E. 1.0 + .87 | =106 21 08.15 | -—.03
6 Cephei............ eeennn w. 0.7 —0.93 +2.17 20 28 03.15 —.13
10 + .40 1.03 32 32.96 —.01
.9 — .19 141 37 54.48 —. 05
1.0 + .08 1.20 41 57.22 +.03
1.0 + .73 101 46 < 50. 71 —. 06
.9 — .08 +1.32 53 16.96 —. 02
.6 +2.53 —2.62 21 00 35.81 —.07
a Equulei ceaeeenunnannnen, w. Lo + .54 -+1.00 10 28.14 —.04

Normal equation, 13A¢+0. 518a,,+2. 374a,—-1. 580¢ + 36. 820=0
Normal equation, 1 +40.040 40,182 —0.122 4 2.833=0

Adopted a,=-—1°10 a.:—l'. 10 - ¢= 40205
Cbronometer fast 229,58 at 20.49.
. (216)
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TaBLE III.—Details of time wurk—Continued.

[Oswego, Kans., August 30, 1884. Before signals. Observer, Woodward.]

45

Name of star. Clamp. | Weight. A ¢ : t ?
. h., m. 8. 8.
¢ Draconis ... .. w. 0.6 —1.17 +2. 44 17 08 46.8t +.10
b Ophiuchi.coeaoaaaaeaae. © 1.0 + .96 1.09 19 42,13 +.07
¢ Horculis .veueenannn.n. .9 — .22 L4 36 33.51 | —.08
nHerculis ..ooooaaaa.o. . 1.0 + .18 1.13 42 18.24 +.01
¢ Draconis .8 — .62 1.83 51 52,94 —.05
67 Ophiuchi W. 1.0 + .56 +1.00 55 14.26 +.03
72 Ophiuchi...ooan. .. - E. 1.0 +0.47 —1.01 18 02 15.03 —. 14
7 Serpentis ceeecveeenon... 1.0 + .65 1.00 156 43.04 — 01
109 Herculis coveenennnnoan. 1.0 + .29 1.08 19 09.22 +.03
1AQUl® eeeerrnennnn.s, 1.0 + .1 1.01 29 18.49 —.08
110 Herculis «coeeveannenn. .0 "} + .31 1.07 41 04.29 —. 03
P2 953 - T E. 1.0 + .10 —1.19 55 00.14 +.10 |
Normal equation, 11. 33¢+0. 8ude, +2. 540a 41, 084c4-22. 923=0
Normal equation\, 1 4-0.027  4+0.224 40.096 + 2.028=0
Adopted a,~—1:.10 a,—1%10 c+00.15
Chronometer fast 20,76 at, 18, 06.
[Oswego, Kans., August 30,1884. After signals. Observer, Woodward.]
Name of star. Clamp. | Weight. | A (o] ¢ v
h. m, s 8.
L o E. 0.8 —0.42 | —1.63 19 53 01.48 +.24
TAquil® el 1.0 + .51 —1.01 58 53.06 +.10
3 Urse Majoris, 8. P ...... .6 +2.66 +2.77 20 01 39.79 —.20
OAquile .coveervaanaa.s 1.0 + .62 —1.00 05 43.92 +.04
O CYENI . ceraaenn amanns ’ .9 - .23 1.43 10 22.41 —.05
YOy cninieeeeaeeenen, .9 — .06 1.30 18 27.90 +.03
€ Delphini.eeuenrnn... weee] E. 1.0 + .45 | —1.02 28 048 | +.05
8 Delphini w. 1.0 +0.40 | +1.03 20 32 31.03 +.07
e Aquarii. 1.0 + .74 1.02 41 48.68 —.04
nCephei...ooeennaiaiiil. .1 — .86 2,09 43 19.48 +.%22
32 Vulpecul® .............. : 1.0 + .19 1,13 50 01.19 —.04
vCygni cenee cen ceaiian .9 — .08 +1.32 53 14.94 7| —-.04
o? Urse Majoris, 8. P....... .6 +2.53 —2.62 21 00 33.69 -, 32
[405414 1) U 1.0 + .15 +1.15 08 24.14 - 10
L0574 1} PP wW. .9 — .01 +1.26 10 33.79 -.07

Normal equation, 13. 34¢+2. 579a,,+2. 8152, 1. 39Gc+-13. 026=0

Normal equation, 1 +0.194 +0.174 +0.105 + 0.979=0

Adopted @ ,=—1°.10 ¢, =—1%10 =4-0. 05
Chronometer fast 20% 58 at, 204, 52,
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TABLE IIL—Details of time work—Continued.
[Oswego. Kans., August 31, 1884, Before signals. Observer, Woodward. ]
Name of star. Clamp. | Weight. A (4 t v
h. m. & 8.
¢ Draconis . E. 0.8 —1.17 —2.44 17 08 44,86 - 14
b Ophiuchi......ceuneen.. 1.0 +.96 | 110 19 83,99 | —11
pHerculis ... .. 1.0 + .18 113 a2 f6.20 | —04
£ Draconis ...... P .8 — .62 1.83 51 51.15 —. 6
67 Ophiuchi....... ceseana. E. 1.0 + .56 —1.00 55 12,38 +.08
72 Opbinchieenssereeneans| W, 10 +0.47 | +2.01 | 18 02 13.21 | .00
nSerpentis ...overennnns 1.0 + .65 1.00 15 41.00 | —.02
109 Herculis .. ccuueen 1.0 + .29 1.08 19 07.25 +.08
b Draconis. cocecenreenn. .8 —-.7 1.93 22 33.36 +.12
1AQUIS cenerennenen.. 1.0 + .72 1.01 2 16,47 | —.06
110 Herculis . ..... PO, 1.0 + .31 1.07 41 02.81 +.00
YLYI®eeeenereecraonnnnn. \ 1.0 + .10 1.19 " 54 58.02 ~.03
w. 1.0 + .41 | 4103 19 00 27.02 —.01
Normal equation, 12. 2.¢4-0. 502a,+2. 382a,,+2. 776c+-1. 432=
Normal equation, 1 +0 041 40,195 +0,227 +40.118=0
Adopted a,=-—1°00 a,=—1s00 c=—0°10
Chronometer fast 18 86 at 18%, 19.
[Oswego, Kans., August 31, 188¢. After signals. Observer, Woodward.]
Name of star. Clamp. | Weight. A [y t v
h. m. s 8.
v AQUlB..cieniiaeeeenn | WL 1.6 | +0.46 | +1.02 19 41 07.00 +.18
.8 — .42 1.63 52 59.27 +.15
10 + .51 | +4LoL 58 51.04 +.08
.6 +2.66 | —2.77 20 01 37.94 | '+4.02
0AQul®.cvtenrnennnnnn. 1.0 + .62 | +1.00 05 42.11 —. 03
24 Vulpectl® .enenennnnn.. 1.0 +.% 110 12 1L50 | ~—.08
V0, 7:3 ) I .9 — .06 1.30 18 26.15 —.10
m Capricorni ..cvvemeuene.| W . Lo + .87 [ +106 21 04.48 —.15
e Delphini -veceeeerannnn.. E. 1.0 +0.45 | —1.02 20 28 02.72 +.03
73 Draconis.eeeeesecnncens. .4 —2.28 3.75 33 22,13 +.21
.9 —.19 1.41 |- 37 50.49 +.08
1.0 + .08 1.20 41 53,18 +.06
1.0 + .73 1.01 46 46.94 —.12
Lo + .19 1.13 49 59.36 —.08
.9 — .08 | —132 53 13.29 —.26
.6 +2,52 +2. 62 21 00 31.82 +.43
1.0 +.15 | —1L15 08 22,26 +.03
E. .9 —.01 | —1.26 10 32.00 —. 07

Normal equation, 16. 0a¢+3. 906a,,+1. 954a,—3. 027c+-1. 288=0

Normal equation, 1 +0.244 0,122 —0.189 40.080=0

Adopted a,=—107 a,=—1v07 c=—0010
Chronometer fast 18~ 71 at 20%. 47, ’
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TabLe ITT.— Details of time work—Continued.
[Oswego, Kans., September 1, 1884.  Before signals. Observer, Woodward.]

47

Name of atar. Clamp. | Weight. A o ¢ [}
h. m. s [
d Herculis covvuenannnnn.. w. 1.0 +0.23 +1.10 17 10 35.02 +.09
@ Ophiuchi.............. 1.0 + .97 110 15 14.55 +.06
b Ophiuchi...ooeuneooo. 1.0 + .96 1.10 19 38.45 —-.07
8 Draconis ... .ouennn.... .8 — .43 1.64 28 06.91 +.05
« Horculis ..oon.... L .0 — .22 1,44 36 30.14 - —. 03
1 Herculis ueuveeeaean.. 1.0 + .18 1.13 42 14,74 .00
Y Draconis «eeeleeennn.nn .5 —1.88 3.27 44 16.03 +.17 ]
£Draconis .oeeeenrnnnn... .8 — .62 1.83 51 49.65 —. 05
67 Ophiuchi....veeennnn.. w. 1.0 + .56 +1.00 55 10.71 +.02
72 Ophiuchi. .ccvrvrnnnan.. E. 1.0 +0.47 —1.01 18 02 11.30 +.08
7 Serpentis .... . 1.0 + .65 .1.00 15 39.18 +.09
109 Herculis ..v.veevnnaans 1.0 + .29 1.08 19 05.12 - 12
b Draconis .eeevseeneeeen. .8 -1 1.93 22 3115 +.02
1AQUilM..eiiiannnnn... 1.0 + .72 1.01 29 14.53 —. 08
110 Herculis «.ccvavenann... 1.0 + .31 1.07 41 00.27 .00
RLyre ....... cevrenneac. .9 — .16 1.39 52 07.61 -1
L2 15 i T, 1.0 + .10 1.19 54 56.04 —. 05
SAquilm........eeeee.. .. E. 1.0 4 .41 | —1.03 19 00 25.20 +.08
' Normal equation, 16. TAt+0, 922a,, 4 2. 238, +0. 952¢-+5.027=0
Normal equation, 1 4+0.055 0.134¢ 40.057 +0.301=0
Adopted a,=—100 a,=—1s.00 c=-0°00
Chronometer fast 172,11 at 18", 06.
[Oswego, Kans., September 1, 1884, After signals. Observer, Woodward.}
Name of star. Clawp. | Weight. A g t v
h., m. s 8.
e AQUil® .eivnnnananannn.. E 1.0 +0.48 —1.00 | 19 45 28.02 +.10
¥ Cygni .8 — .42 1.63 52 57.50 —04
7 Aquile 1.0 .+ .51 —~1.01 58 49.33 —.09
3 Ursee Majoris, 8. 7. .6 +2.66 | +2.77 20 01 36.01 —.41
¢ Aquile......... 1.0 + .62 —1.00 05 40.13 +.04
o) Cygni.. .9 —.23 1.45 10 18.73 —.01
y Cygni.. .9 — .06 1.30 18 24.19 —. 05
wCapricorni ........ feeeenn " E. 1.0 487 -~1.06 21 02.43 +.02
e Delphini weeivnnana.ol. Ww. 1.0 +0.45 +1.02 20° 23 01.08 —. 02
73 Draconis . .4 —2.28 3.75 33 20.94 —.19
e Aquarii .. 1.0 + .74 1.02 41 45.13 —.08
w Aquarii .. 1.0 | 4.7 1.01 46 45.08 +.04
32 Vaulpeculs . 1.0 + .19 113 |’ 49 57.60 —. 02
»Cygni.... .9 — .08 | +132 53 11.35 —.03
o? Urs® Majoris, 5. P. .6 +2,53 —2.62 21 00 20.99 +.35
¢Cygni.......... .. 1.0 +.15 | +115 08 20.51 +.08
L 0371 1) S w. .9 — .0t +1.26 10 30.03 +.19

Normal equation, 15. 0a¢+-3. 479 _+-2. 785a,,+1. 393¢+5. 578=0

Normal equation, 1 +0.232 +40.186 40,093 +0.372=0

Adopted a,,=—1'09 Ca,=—1.09 6=1401 02
Chronometer fast 16° 92 at 20, 48,
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48 ' LATITUDES AND LONGITUDES.

[BULL. 49,
TABLE IIL.—Details of time work—Continued.
[Oswego, Kans., September 2, 1884. Before signals. Observer, Woodward.]
Name of star. Clamp. | Weight. A (o) vt v
k. m. & 8
¢ Draconis E. 0.6 -1.17 ~2.44 17 08 41.24 -.12
8 Ophiuchi ...... 1.0 + .97 1.10 15 12.60 +.11
b Ophiuchi .............. 1.0 + .96 - 1.10 19 36.64 +.03
8 Draconis . .8 - .43 164 | 28 04,84 +.02
& Serpentis .. 1.0 + .82 1.04 31 15,79 +.04
¢ Herculis ....... .9 — .22 1.44 36 28.13 +.06
& Draconis ... N .8 — .62 1.83 51 47.18 —.36
67 Ophiuchi. . 1.0 + .56 1,00 55 08,59 —.09
72 Ophiuchi. ... oeeen..... E. 1.0 + .47 | —1.01 | 18 02 09.29 | —.02
7 Serpentis ceeees ceev.an w. 1.0 +0.65 | +1.00 | 18 15 36.82 +.08
109 Herculis «ouovveunnnnn. 1.0 + .29 1.08 19 02.69 —. 09
b DIaconis. . ceueeen cenne. .8 —.n 1.93 22 28,40 | +.17
1AQuilee coueneianns.. 1.0 | +.72 .01 29 12.21 —.05
110 Herculis .ccvovvn ene .. 1.0 .4 .81 1.07 40 57.88 +.08
RLYI® caeecn annennnne. .9 — .16 1.39 52 05.18 +.10
YLYr® cooeiniaiL 1.0 + .10 1.19 5¢ 53.55 .00
CAQUILD cueeneaenen.. . W, 1.0 + .41 ] 4103 | 19 00 2271 | .03
Normal equation, 15. 8A¢+1. 768a,+ 2. 040a,,—1. 611c+17. 618=0
: Normal equation, 1 +0.112 40.120 —0.102 4 1.115=0
Adopted a,=—1°25 a,=—1225 c=+10e 25
Chronometer fast 14% 79 at 18h 11.
{Oswego, Kans., September 2, 1884, After signals. Obscrver, Woodward.)
Name of star. Clamp. | Weight. A c t v
k. m. s 8.
A\AS 1.0 +0.48 +1.00, 19 45 26,14 +.03
8 | —.2 | Le 52 65.40 | +.02
10 4 .51 101 58 47.21 +.08
1.0 + .62 1,00 20 05 38.25 +.10
.9 — .23 145 10 16.54 —.13
.9 — .06 1.30 18 22.25 +.16
w. L0 + .87 +1.06 .21 00.52 +.07
¢ Delphini E. 1.0 +0.45 —1.02 20 27 59.17 —. 01
73 Draconis .4 —2.28 3.7 33 18.91 —. 09
L0720 1| SR 1.0 + .08 1.20 41 49.52 - 15
R AQUATi ceannennenne. . 1.0 + .73 1.01 46 43.25 .00
82 Vulpecul® covernnnnn.... 1.0 + .19 1.13 49 55.66 —. 05
2005 £:47) S .9 — .08 1.32 53 09.460 —. 01
10 s | S i 1.0 + .15 115 | 21 08 1864 | —.09
L 07+ |} PN E. .9 — .01 —1.26 10 28.38 +.02

Norwal equation, 13. 8A¢+1. 883, +0. 607a,—1. 483¢-+2, 562=0
40,136 40.044 —0.108 40.186=0

Normal equation, 1.
Adopted a,=—1*10

a,=—1210

Chronometer fast 14+, 98 at 20, 47,
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TABLE III.—Details of time work—Continued.

{Elk Falls, Kans., September 25, 1884. Before signals. Observer, Woodward.)

Name of star. Clamp. | Weight. A g ¢ v
k. m. s 8.
d Sagittarii ..... cemavenne- Ww. 1.0 +0.88 | +1.06 19 14 4271 —. 05
5 Draconis .eeueurnvennncn. ' .6 —1.31 2.61 16 2191 | +.11
7 Draconis.eceevenecnann.. -4 —2.01 3.45 21 36.87 +.03
GAQUIl® .oonneirnnnann.. 1.0 + .57 1.00 23 30.55 +.05
COFENE cernrevnecneraanan. .8 ] —.20 1.61 30 38.11 | —.03
kAquile ..ooooaiiiiiill, 1.0 + .71 1.01 3t 30.90 —.09
B Sagitt® .cuvereeriannnnn. 1.0 + .36 1.05 39 42.10 —.14
05741 | U W .9 —.18 +1.41 45 12.41 +.02
3 Draconis. ..... v E. 0.5 —~1.57 —2.92 19 52 25.83 +.08
TAQul® cieeieennnn... : 1.0 + .51 1.0l 20 02 20.47 +.11
"0 AQIl® L enicieieenenn. 1.0 + .62 1.00 09 11.16 | +.21
o' Cygni........ .9 —-.2 1.45 13 5110 —.09
24 Vulpecul® .....ceen..... 1.0 + .25 1.11 15 41.40 +.06
YOFED cemeceaaiaeennn. .9 — .06 1.30 21 56.52 | —.29
¢ Delphini.......... . 1.0 + .45 | " 102 31 32.53 +.02
Gr. 3241 ...iivacnnncnnen. . .5 -1.86 3.26 34 23.83 -.27
a Delpbini..ccinerennnnnn. 1.0 + .39 1.04 38 07.23 +.11
7 Cephe eveeenvneneeannns .7 — .8 2.09 46 48.81 +.02
32 Vulpecul® ....eca....... E. 1.0 + .19 —1.13 53 29.47 +.01
Normal equation, 16. 24¢-0. 456a,,—0. 161a,—3. 715¢+19. 705=0
Normal equation, 1 -+0.028 —0.010 —0.230 4 1.216=0
Adopted a,=-+0° 37 a,=+0.37 ce=+40%17
°Cln'onon;\eter fast 3= 4918 at 200, 06.
[Elk Falls, Kans., September 25, 1884. After signals. Obscrver, Woodward. ]
Name of star. * | Clamp. | Weight. A g t v
h. m. s 8.
mCygni.eeniian E. 0.9 —0.30 --1.52 21 46 24.00 -, 15
79 Draconis....ceceeeennn. .4 —2.02 3.4H 55 21.20 +.24
¢Cephei coveviicrnnnnnnn. . .8 — .65 187 22 10 43.91 +.03
6 Aquatii ..eevennnan..... 1.0 + .72 1.01 14 35.22 +.13
y Aquarii.eeeiaiiana, E. 1.0 + .63 —1.00 19 32,53 | --.01
3 Lacert®....ocevvuneen.. W, 0.8 —-0.40 | '4-1,61 22 22 53.20 —. 32
cAquarii..cieueneannsn.. 1.0 + .77 1.02 28 22,87 —. 14
226 Cephei..oeienniennnnn.. .4 —2.50 4.03 34 10.05 |- +.19
nPegagi ..oooeiaiiaa.a.. 1.0 + .16 1.15 41 26.62 .00
APegasi..cociennnnnnnan, W. 1.0 + .27 +1.09 44 29,23 +.03

Normal equation, 8 .3At—0. é48ac—0.120aw—0. 094¢ +8.956=0

Normal equation, 1 —0.030 —0.014 —0.001 4-1.079=0
Adopted a,=-021 a,=+0°36 c=+0.21
Chronometer fast 3™ 49, 06 at 222,36
(221)
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TaABLE IIL.—Details of time work—Continued.

[Elk Falls, Kans., September 28, 1884. Before signals. Observer, Woodward.}

" |BULL. 49._]

Name of star. Clamp. | Weight. A 0 ¢ v
h. m. s 8
E. 0.8 —0.39 —1.61 19 30 33.56 +.02
1.0 4 .71 1.01 3¢ 26.49 +.03
.9 — .34 1.56 37 06.55 | —.04
1.0 -+ .36 1,05 39 37.57 +.03
1.0 4 .49 1.00 48 54.73 —. 04
.5 —1.57 2.92 52 20.07 —. 10
1.0 + .83 |. 1.06 57 23.16 —. 03
1.0 + .51 101 2) 02 15.77 —.09
1.0 + .62 ‘1,00 09 06.70 4.03
E. o9 - .23 —1.45 13 45.99 —. 02
y Cygni........ enerenae w. 0.9 —0.06 | +1.30 20 21 5159 | .02
€ Delphini «oeveeerennnnnn. 1.0 + .45 1.02 .31 2810 +.08
Gr. 3241 cocniiiniinnninnns .5 —1.86 3.26 34 18.38 +.04
o Delphini vveeneneannnn 1.0 + .39 1.04 38 02.83 +.05
7 Cephel.oevicerennnranen .7 — .85 2.09 46 43.88 —. 06
1.0 + .74 1.01 50 11.85 —. 07
Ww. .2 —5.12 +7.28 54 45.95 .00
Normal equation, 14.44¢ +1.410a,—1. 023, ,—2. 798¢ +9. 596=0
Normal equation, 1 +0.098 —0.071 —0.195 +40.666=0
Adopted a,=+0.20 a,=-+020 e=—010
Chronometer fast 3= 44+, 69 at 20b. 13.
(Elk Falls, Kans., September 28, 1884. After signals. Observer, Woodward.]
Name of star. Clamp. | Weight. A ¢ t v
: . h. m. s. 8.
1Pogasi coveucneecorannnn. w. 1.0 +0.33 +1.06 21 20 31,37 —.01
B Cephei, pr .. .. .5 ~1.58 2.93 30 59.08 —.06
« Pegasi ... 1.0 + .48 1.01 42 17.58 +.05
11 Cephei.. 5| —Le7 3.04 44 03.11 | —.09
#2Cygni... . . .9 — .30 1.52 46 19.12 —. 03
79 Draconis.....ccveeennnn. 4 —2.02 |° 3.45 55 15.80 —. 14
a Aquarii...c.ceceennnaen. Ww. 1.0 + .62 +1.00 22 03 37.89 +.04
¢ Cephei ceueenemenennnnn. E. 0.8 ~0.65 | —1.87 22 10 38.63 +.09
8 Lacert..... vesteacesens .8 — .40 161 22 48.61 —.01
o Aquarii c..cvoreenennnnaa. 1.0 + .77 1.02 28 18.47 —. 02
a Lacert®..cc.oeevee.. cens .9 — .33 1.55 30 19.58 +.09
10 Lacert®..ocooaeeennnnnn. .9 — .02 1.28 37 51.93 +.04
NPOZASE cernrrranrnnnnnens 1.0 + .16 115 .41 22,23 —.02
APegasiceeeuenreanennnn.. E. 10 +.27 | —1.09 41 4.94 +.01

Normal equation, 11.7at—1.273a,,+-0. 045a,+0, 212¢+-7. 846=0
Normal equation, 1 —0.109 +0.004 -0.018 +4-0.628=0
Adopted @,=0°00 a,=0%, 00 c=—0%15

Chronometer fast 3= 44s. 62 at 225, 16,

(222)
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TABLE III—Details of time work—Continued.

[Elk Falls, Kans., October 2, 1884. Before signals. Observer, Woodward.}

Name of star. Clamp. | Weight. A () t v

h. m. s. 8.
4 Aquil®...... ceveronenes| W, 1.0 +0.57 +1. 00 19 23 19.29 +.17
o! Cygui ..... vesasescccnn. .9 —.23 1.45 20 13 38.89 -.01
m Capricorni.cecees coaan. 1.0 + .87 . 1.06 24 21.49 —. 05
61' Cygmi ....... [ .9 — .02 1.27 21 05 22 93 +.17
v AQUAIT cereeeinerennee. 1.0 + .77 1.02 06 57.26 4. 01
Br.277T. ceeeaerverrenans .3 —3.02 4,68 11 29,61 - 82
a Equulei ceseeeennse [N Ww. 1.0 + .54 +1.00 13 42,15 —. 05
a Cephei ........ cecmvesas E. 0.7 —0. 89 —2.14 21 19 30.04 +.03
¢ Capricorni.eeveseean.n.. 1.0 + .9 1,09 23 43.49 +.01
B Cepliei, Pr .see vennennn. .5 —1.58 2.93 30 51.78 +.01
+e Pegasi....... cevaciran 1.0 + .48 101 42 10.21 +.04
11 Cephel ceveeraravensann. E. Nl —1,67 -3.04 43 55,78 -.05

Normal equation, 9. 8At+1. 619a,,—0. 828 +1. 349¢+5.250=0

Normal equation, 1 +0.165 —0.085 +0.138 +0.536=0

Adopted @, =+0%20 a,=+0s20 €¢=0%00
Chronometer fast 3= 37% 55 at 20", 95.

[Elk Falls, Kans., October 2, 1884, After signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A [ t v

. ' h. m. 8. 8.
v Aquarii..cooeeaeeennnn. E. 1.0 +0.63 | —1.00 22 19 20.69 +.06
3 Lacert®. covcveeannansnas .8 — .40 1.61 22 41.34 —. 08
:| o Aquarii...../ e eeeeeann Lo + .77 102 28 11.33 ~+.16
a Lacert®..eneeeiiannnon. . .9 — .33 1.55 - 30 12.17 -~ 13
10 Lacertm-...7 ............ E. .9 - .02 —1.28 37 44.78 +.12
APegast coeeveiacannnnnan. W. 1.0 +0.27 +1.09 22 44 37.86 —. 03
tCeophei.ceeiiinneeranaen. .6 —1.14 2,42 | 49 16.54 +.11
0 AQUATIi.cevensaancannnn. 1.0 + .84 1.04 52 10.47 —.13
o Androm....... ceereeanan .9 — .10 1.34 23 00 16.90 +.03
a Pegasi coevuninnanaae... 1.0 + .40 1,03 02 40.07 -—.10
7 Cophei..eereaen.. eeeen w. .4 —2.31 | +3.81 07 58.58 +.08

Normal equation, 9. 5a¢4-0. T65a,—0. 188, +1.487c+3. 588=0
Normal equation, 1 +0.081 —0.021 +0.157 +0.378=0
dopted a,=+0.10 a,=+010 e=—0%10
Chronometer fast 3= 37s, 37 at 22b. 70.
o (229)
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LATITUDES AND LONGITUDES, [BULL. 40
TABLE III.— Details of time work—Continued.
[Elk Falls, Kans., October 6, 1884. Before signals. Observer, Woodward.]
Name of star. Clamp. | Weight. A ¢ t )
h. m. & 8.
dAQUIl® cecneeiiaaaan. . Ww. 1.0 +0.57 +1.00 19 23 09.86 +.01
[R077:¢ 11 DPURIRUPPURR S .8 — .39 1.61 30 17.17 —. 02
x Aquil® ..oooo..n 1.0 + .71 1.01 3¢ 10.05 —. 03
(X 00733 DN C .9 — .34 1.56 36 50.24 +.02
B Nagitt® ..evovenen 1.0 + .36 1,05 39 21.19 +.02
dCygni..eeenaannn .9 — .18 141 44 51.60 +.04
a Aquil® ..oo... 1.0 + .49 1.00 48 38.49) .00
« Draconis .5 —1.57 2.92 52 04.13 +.30
7 AQUID -eeeeenaeriannen 1.0 + .51 101 [ 20 01 59.65 | +.16
0 Aquil® ceemenennnnnan... 1.0 + .62 1.00 08 50.33 +.01
0! CFEDI.cernrareacnernnnns w. .9 —.2 | 3145 13 20.74 +.1
L 0577:41) PP, E. 0.9 —0.06 | —1.30 20 21 34.73 +.03
€ Delphini cev.vaeinennnn. 1.0 + .45 1.02 31 11.23 —. 02
(€5 077 ) DU .5 —1.86 3.26 34 00,91 -+. 18
a Delphini.....coomnnneas . 1.0 + .39 1.04 37 45.95 —. 07
n Cephei..ereaeacnnnnenn-. .7 — .8 2.09 46 26.74 —.03.
pAQUATH .ceemeneenianann.- 1.0 + .74 1.01 49 54.89 —.16
76 Draconis.....eeveemnen.. .2 —5.12 7.28 54 27.25 +.33:
v Aquarii.......eeeeeno.o. 1.0 + .77 1.02 21 06 47.57 —.22 ¢
Br. 2777 ceveiiienniannenn .3 —3.02 4.67 11 20.52 +.14
a Equulei ........cooo... E. 1.0 + .54 —1.00 13 32.%9 —.15
Normal equation, 17. 6At-+1. 488a,,—0. 619a,-+0. 586¢ +4. 510=0
Normal equation, 1 +40.08¢ ~-0.035 --0.033 +0.256=0
Adopted a,=+0%20 @,=+0°20 ¢=—0%10"
Chronometer fast 3= 28 26 at 20M, 21.
[Elk Falls, Kans., October 6, 1884, A fter signals. Observer, Woodward.]'
Name of star. Clamp. | Weight. A g t v
h. m. s 8.
¢Cephel cemnnenennnnnennn. E. 0.8 —0.65 —1.87 22 10 22.13 +..01
y Aquarii......... e 1.0 + .63 1.00 19 1118 | —.13
3Lacert®.....coeeeenunnn. .8 — .40 1.61 22 32.14 —. 04
ocAquarii..coceoeaiool 1.0 + .77 1.02 28 01.80 —. 04
aLacert®....ccovveevncnn. .9 - .33 1.55 30 03.11 +.04
7 Aquarii coeeeeianiaieens. E. 10 + .62 —1.00 32 55.30 +.09
10Lacert®. comvneennanennn. W. 0.9 —0.02 +1.28 | 22 37 35.82 +.17
nPegasi ccceveannnennnnn.. L0 + .16 115 41 05.92 —.07
tCephei ceeeaeneennriannn. .6 —1.14 2.42 49 07.44 +.19
d Aquarii..coeeerenannn.. 1.0 + .84 1.04 52 01.27 .00
o Androm....ceocceuve.e.. . .9 — .10 1.34 23 00 07.51 - 13
aPegasi coenneininennnnen, w. 1.0 + .40 +1.03 02 30.88 —. 0L

Normal equation, 10. 94¢--0. 883a,+ 0. 6082, ,—0. 169¢ +1. 327=0
+0.081 -+0.056

Normal equation, 1
Adopted a,=-0.20

a,=0°20

—0.016 +0.122=0

e=—0%.10

Chronometer fast 3= 281, 15 at 22b, 62.
(224)
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TABLE II1.—Details of time work—Continued.

[Fort Scott, Kans., October 17, 1884. Before signals. Observer, Woodward.]

Name of star. Clamp.r | Weight. A [ t v
. h. m. 8. 8.

0AQUIlD .evervinncnnanaa| W, 1.0 +0.63 | +1.00 20 02 26.11 —.06
o' Cygni ..... .9 — .22 1.45 07 07.67 --.04
x Cephei, P.R .. . .3 —2,01 4.57 10 01.53 —.35
yCygni..eeen. . .9 — .05 1.30 15 12,67 —.03
« Capricorni . 1.0 + .89 1.06 17 47.33 —. 06
¢ Delphini ... 1.0 + .46 |' 102 24 47,75 —.05

Gr.3241l..cecencannnnnnn. w. .5 —1.8¢ | +3.2 27 43.67 +.24
aCyEniceeeaccnananenan. E. 0.9 —0.17 | —1.41 20 34 37.86 +.08
e Cygni.. 1.0 + .09 1.20 38 39.56 —.02
0 Cephei ... .7 — .83 2.09 40 06.72 +.05
x Aquarii. . . 1.0 4 .74 1.01 43 30.65 —.08
vCygni..... cerereveceenns .9 — .07 1,32 49 59,96 —.01
vAquarii.cceeeveenean... 1.0 4 .78 1.02 21 00 23.35 —.04
¢ Cygni....... ereereen. . N + .16 115 05 08.55 +.05
a Cephei........ coeeassan. 7 — .88 e, 14 13 00.43 .00
e Pegasi «ocveccnnenieannn, 1.0 + .48 1.01 35 37.17 —.03
LK 03 ) D .9 — .29 1.52 39 40,96 +.12
16 Pegasi covieeennemnannnn. E. 1.0 +.24 | —L11 44 55.83 +.10

Normal equation, 15. 7a¢4-0. 816a,,—0. 056a,—4. 730c—62. 963=0
Normal equation, 1 +0.052 —0.004 —0.301 — 4.010=0
Adopted a,=+3.00 a,=+300 c=—003

Chronometer slow 2= 53¢, 86 at 20°. 78.

[Fort Scott, Kans., October 17, 1881, After signals. Observer, Woodward.]

Name of star. Clamp. Weight. | A4 -0 ot v
) k. m. s 8.
¢Cephei..ccoernceananann. E. 0.6 —1.13 —2.42 22 42 48.23 —.51
a Pis.. Aus. 1.0 +1.07 1.16 48 20.53 +.17
o Androm.. . .9 — .09 1.34 53 45.64 —.15
a Pegasi . . 1.0 + .41 1,03 56 07.34 +.08
= Cephei... .4 —2.29 3.81 23 01 32,93 —. 08"
¢ Aquarii .... E. 1.0 + .71 —1.01 05 26.38 -, 01
o Cephei .. . w. 0.6 —1.29 +2.61 23 11 07.80 +.14
« Piscium.. 1.0 +4 .60 1.00 18 07.07 —.07
70 Pegasi ... 1.0 + .44 1.02 20 25.73 -+.02
A Androm.. . .9 — .20 144 29 04,50 +.05
¢ Piscium.. . 1.0 + .54 1.00 31 07.05 +.12
41 H, Cephei.ceecencns..... w. .6 --1.26 +-2.58 39 38.40 +.08

Normal equation, 10A¢-+0. 5152,~0. 130a,, +0. 048c—41. 069=0
Normal equation, 1 +40.062 —0.013 4-0.005 — 4.107=0
Adopted @,=+3.00 . @, =-+3400 ¢=0,00
Chronometer slow 2= 53+, 99 at 23. 16,
(225)
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TaBLE III.—Details of time work—Continued.
[Fort Scott, Kans., October 18, 1884, Before signals, Observer, Woodward.}
Name of star. Clamp. | Weight. 4 g t v
h. m. 8. 8.
0 Aquil®.cenrreaeecaracies E. 1.0 +0. 63 —1.00 20 02 25,97 +.07
o Cygni...... ceevessaaenas .9 — .22 1.45 07 04.63 +. 02
« Cephel, Pr ceeceeecernne. .3 —2,01 4,57 09 49.81 +.06
D03 7:3 1\ S .9 — .05 1.30 15 10.17 +.09
7 Capricorni eeeeanaeeenans L0 + .88 1.06 17 48.03 +.06
€ Delphini cooeeeocinan.n. 1.0 + .46 1,02 24 47.10 +.13
Gr. 3241... .5 —1.84 3.26 27 35.10 +.23
a Delphini 1.0 + .39 1.04 31 21.63 —. 086
a Cygni. E. .9 —.17 | —1.4 34 34.88 —. 06
e Cygni. W. 10 +0.09 | +1.20 | 20 38 37.61 | +.01
n Cephei .eevenuce 7 — .8 2.09 40 0167 | .4.02
w Aguarii........ 1.0 + .14 1.01 43 30.87 —. 02
76 Draconis ..... cecncrenan. .2 —5.08 ‘7.28 47 59.12 +.15
v Aquarii -vocneeenionnean 1.0 + .78 1.02 21 00 23.66 —.01
COFERL +ernemrnnneronnns 1.0 + .16 115 05 0664 | —.10
aCephel.caieearieancennas .7 — .88 2.14 12 55.38 +.13
B Aquarii...coociieninene. 1.0 + .70 1.01 22 34,18 —.15
8 Cephei, Pr.ceneareannenn. .5 —1.56 2.93 24 16.39 | —.04
€ Pegasi verereecceccaceens 10 + .48 101 35 3638 | —11
72 Cygni..eceieeniianiaannas Ww. .9 — .29 +1.52 39 37.57 — 05
Normal equation, 16. 5A4t—0. 304e,+0. 171a,,+4-2. 785¢—19. 112=0
Normal equation, 1  —0.018 +0.011 40,169 — 1,158=0
Adopted a,=—030 a,=—0.30 =00, 00
Chronometer slow 2= 56*, 16 at 20t, 75,
[Fort Scott, Kans., October 18, 1884. After signals. Observer, Woodward.]
Name of star. Clamp. | Weight. A [} t v
. h. m. s 8.
o Aquarii coeeeeienaninnaan Ww. 1.0 +0.77 +1.02 22 21 37.90 —. 02
o Lacert®.....cceeveenanen. .9 — .32 1.56 23 38.49 —15
7 AQUarii coceeniiianaiia 1.0 + .62 1.00 26 31.21 .00
APOZaSE ceuercnnnennnnn. 10 | +.28 1.08 38 0422 | —.08
tCephei.ccocvnrnnnnnnnn.. .6 —1.13 2,42 42 42.23 +.13
aPis. AuS...coeevnnanne. 1.0 +1.07 1.16 48 22.02 —.08
oAndrom ......eeneunnen. w. .9 — .09 +1.34 53 43.16 +.06
wCephei.veennnannaa.t, E. 0.4 —2.29 —3.81 23 01 22.46 +.32
¢ Aquarii «ooovcevinnanean. 1.0 + .7 10 05 26.16 .00
oCephei....cocvaennnn... .6 —1.29 2.61 11 00.73 —. 07
« Piscium................. 1.0 + .60 1.00 18 06.43 .00
70 Pegasi .... 10 + .44 1.02 20 24.73 -+, 08
A Androm .. .9 -~ .20 1.44 29 01.31 +.06
« Piscium..... E. 1.0 + .54 —1.00 31 06.36 -—. 04

Normal equation, 12. 3A¢+1. 693, ,4-0. 420a,—0. 103¢—15. T14=0
’ +40.138 +0.034 —0.008 — 1.277=0

Normal equation, 1
Adopted a,=—0+30

a,=—0.30

Chronometer slow 2m 56+, 33 at 22, 94.
(226)
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TABLE IIL.—Details of time work—Continued.

. [Fort Scott, Kans., October 19, 1884. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A g t v

. h., m. s [
« Cephei, Pr..cceecevnanne.. w. 0.3 —2.01 +4.57 20 09 48.24 .00
m Capricorni .......u...... 1.0 + .88 1.06 17 45.89 —.03
- 6 Cephei ...l .7 — .01 2.17 24 41.54 —. 10
B Delphini ciocievennann... 1.0 + .41 1.03 29 1n.11 —. 03
a Delphini .......oooo..ae. 1.0 + .39 104 31 19.58 +.02
aCygni.oeiiieiianns. Ww. .9 - .17 +1.41 34 32.73 —.15
n Cephei envennenen.. E. 0.7 —0.83 | —2.00 20 39 58.92 +.05
p Aquarii. ........... 1.0 + .74 1.01 43 28.51 +.15
» CYEDL. cavreannnen. .9 - .07 1.32 49 54.99 +.12
v Aquarii.......... 1.0 + .78 1.02 21 00 21.18 +. 04
4057+ 1¥ S, . 1.0 + .16 1.15 05 04.13 —. 05

aCephel.eeeeeieananannns .7 — .88 2.14 12 52,41 —. 06
BAQuArii..ceomteeinan. E. 1.0 +.70 | —-L01 22 31.80 —.01

Normal equation, 11.24¢+1.120e,,4-0. 017a,—1. 050¢—-5. 091=0

Normal eqmuation, 1  4-0.100 40.002 —0.094 —0.455=0

Adopted a,=—0°30 a,=—030 ¢=—020
Chronometer slow 2m 58, 47 at 20, 75,

[Fort Scott. Kans., October 19, 1884. After signals. Observer, Woodward.]

} Name of star. 'Clamp. ‘Weight. 4 o t v
| 5

h. m. s 8.

aLacert®. ...ccvveecen.... E. 0.9 —0.32 ~1.55 22 23 35.58 —. 04

N AQUATH - eecereanannen. 1.0 + .62 1.00 26 28.49 +.08

10 Lacert®. ..ocavincennnna. .9 — .01 1.28 31 08.36 +.16

7 Pegasl «ulneieaauanann 1.0 + .16 115 34 38,86 —.01

APegasi cooovviiinnianan. 1.0 | +.29 1.08 38 01.44 +.02

073 1) 1) S E. .6 —1.13 —2.42 42 38.66 —.05

a Pis. Aus ......... w. 1.0 +1.07 +1.16 22 48 19.68 —. 02

o Androm.......... .9 — .09 1.34 53 40.72 +.02

@ POgasi aenrennenn. 10 | +.4 1.03 56 0420 | —.02

wCephel....ueuvennen . .4 —2.29 3.81 |° 23 01 21.09 —.13

- ¢ Aquarii........... . . 1.0 + .71 1.01 05 24.13 —. 04

oCephei ...oviiennnnaaaans Ww. .6 —1,29 +2.61 10 59.42 .00

Normal equation, 10. 3A¢--0. 419¢,+0. 095¢,,+0. 267¢—7.175=0
Normal equation, 1 +40.041 +40.009 -0.026 —0. 697=0

Adopted @,=-0.30 @,=—0%30 c=~0%20
Chronometer slow 2 58, 72 at 22b, 74,
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TABLE II1.—Details of time work—Continued.

[Fort Scott, Kans., October 22, 1884, Before signals. Observer, Woodward.}

‘Name of‘star. Clamp. | Weight. A o t v

| h. m. s 8.
€ Delphini .ceveeconsnannn. W. 1.0 +0.46 +1.02 20 24 37.59 +.06
73 Draconis...ceevvvanaaann. : .4 —2.24 3.7 | 29 56.70 -~ 01
@ CYENE careaeannrarenrans L0 — .17 141 34 2557 | +.09
€Cygni ennenvenen eeans 1.0 + .09 1.20 38 28.15 +.06
w Aquarii coceeveienennan. 1.0 + .74 1.01 43 21.35 —.10

76 Draconis .eeceeveaananne. w. .2 —5.08 +7.28 47 49.39 +.27
v Aquarii . . E. 1.0 +0.78 | —-1.02 21 00 14.23 +.09
¢Cygni.... . 1.0 + .16 115 04 57.11 —. 08
a Cephei.. . .7 — .88 2.14 12 45.52 —. 03
¢ Capricorni . . 1.0 + .95 1.09 17 00.38 -, 08
B Aquarii ... . 1.0 + .70 1.01 22 24,75 —.05
B Cephei... .5 —1.56 '2.93 24 06.62 —. 03

74 Cygni.. . .9 — .05 1.30 29 15.43 +. 02
e Pegasi R 1.0 + .48 1.01 35 26.87 —. 09

16 Pogasi .ecnvecncvenaannas L0 + .24 L1 44 44.65 —. 03

20 Cephei ......... [ E. .7 -

.89 | —2.15 50 26.98 +.16

Normal equation, 13. 3At+1. 246a,,—0. 775a,—4. 573¢c—17. 843=0
Normal equation, 1 +0.094 —0.058 —0.344 —0.590=0
Adopted a,=—030 a,=—0%30 c=—0%05

Chronometer slow 3= 0558 at 2111,

[Fort Scott, Kans., October 22, 1884, After signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A o t v

' A om. 8 8.
o Androm........ coscecnns E. 0.9 —0.09 ~1.34 22 53 33.44 +.16
e Pegasi .cca.u..n cesseocan 1.0 + .41 1.03 55 56.83 —.01
7 Cophei.ceceerescereonnes 4 ~2.29 3.81 23 01 13.40 —.03
¢ Aquarii...... 1.0 + .71 "1.01 05 16.72 —. 03
o Cephei ..... . .6 —1.29 2.61 10 51.58 —.25
x Piscium ..cceeveeennnnn. E. 1.0 4 .60 —1.00 17 57.04 .00
70 Pegasi ccevevvecececnnnn. Ww. 1.0 +0.44 +1,02 23 20 15.38 +.10
A.Androm .......... R .9 - .20 1.4 28 52.00 —.02
¢ Piscium . 1.0 + .54 1.00 30 57.07 +.05
¢ Pegasi...... 1.0 + .35 1.05 43 33.43 +.04
Gr.4163....... . 4| —210 3.58 46 13.82 | —.20
33 Piscium ..... 1.0 + .70 101 56 21.89 +.01
B Cassiopem» Ww. .8 — .68 +1.92 59 59.32 —. 04

Normal equation, 11.04¢—0. 051a,-0. 4664, + 1. 008¢—9. 034=0

Normal equation, 1 —0.005 +4-0.043 +0.092 —0.821=0
Adopted a,,=—0°.20 a,=—0.20 c=0% 00
Chronometer slow 3= 05, 83 at 23b, 42,
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. TaBLE III.—Details of time work—Continued.

[Fort Scott, Kans., October 23, 1884, Before signals. Observer, Woodward.}

Name of star. Clamp. | Weight. A g : t v
. h. m. s 8.
¢ Delphini caeaennaaaaa..o. E. 1.0 4-0.46 —1.02 20 24 33.92 --.05
73 Draconis ... . .4 —2.24 3.75 29 55.18 +.19
o Cygni .... . .9 — .17 1.41 34 22.42 +.09
e Cygni ... -1 1.0 + .00 1.20 38 24.64 | —.10
# Aquarii ..... 1.0 + .74 101 43 17.71 +.04
76 Draconis cececeracacaen-- E. .2 —5.08 —17.28 47 49.49 +.16
v AQuarit..ceenueeeaen. W 1.0 +0.78 +1.02 21 00 10.21 +.02
[0 011 S 1.0 + .16 1.15 04 63.70 +.11
a Cephei ........... cescens 7 — .88 2.14 12 42,61 +.14
¢ Capricorni veceeevannnn.. 1.0 + .95 1.09 16 56.39 - 02 -
B AQuAril eceeacnacecannn- 1.0 + .70 1.01 22 20.86 —.05
B Cephei, Pr.ceeeenenennn. .5 —1.56 2.93 24 03.92 +.05
11 Cephiiceeneoenennaanans .5 ~1.65 3.04 37 07.72 —.20
16 Pegasi ccveeeoceceacnannn w. 1.0 +.2¢4 | 4111 44 41,03 —.02
Normal equation, 11.24¢—0, 775a,4-0. 609a,,+2. 408¢—10. 861=0
Normal equation, 1 —0.069 +40.05% 40.215 — 0.970=0
Adopted a,=+0.30 a,=+0%30 c=+015
Chronometer slow 3m (8% 94 at 21%, 02.
{Fort Scott, Kans., October 23, 1884. After signals. Observer, Woodward.]
Name of star. \Clamp. Weight. A ¢ t v
h. m. s 8.
W. 1.0 -+0. 85 +1.04 21 45 23.42 .00
.9 - .09 1.3¢ 53 20.95 +.07
1.0 + .41 1.03 55 53.19 +.03
4 —2.29 3.81 23 01 11.08 —. 03
1.0 + .71 Lo1 05 12.82 —. 07
Ww. .6 ~1.29 ) +2.61 10 48.75 —.27
« Piscium E. 1.0 +-0. 60 —1.00 23 17 53.56 +.16
70 Pegasi cecenenann 1.0 + .44 1.02 20 11,69 —. 05
A Androm .9 — .20 1.4 28 48.87 -, 02
¢Piscinm....coceeeeannn.. i 1.0 .4 .54 1.00 30 53.46 +.03
41 H. Cephei.\.............. .6 —1.26 2.58 39 20.12 +.02
 Piscium......occovuneae. E. 1.0 + .53 =101 60 15.76 +.01

Normal equation, 10.4A¢+1.174a 0. 199@,4-0. 502c—2. 426=0
Normal equation, 1 +0.113 +0.019 +0.048 —0.233=0
Adopted a@,=+0'.40 @,=+0%.40 c=+0%08
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.

TABLE III.—Details of time work—Continued.
Chronometer slow 3m 09°, 18 at 234, 75,

[North Springfield, Mo., November 13, 1884, Before signals. Observer, Woodward.]

Name of star, Clamp. | Weight. A ) t v

- h. m, s 8.
o Aquarii .... Ww. 1.0 +0.76 +1.02 22 24 48.95 +.01
a Lacert®.. .9 — .33 1.55 26 49.46 +.06
226 Cephei... .4 —2.50 4.03 30 33.43 —. 01
¢ Pegasi ... .. 1.0 T4 .46 1.02 35 59.25 +.09
APegasi couiiennnnnaa.n. 1.0 + .27 1.09 41 15.27 —. 01
tCephel.connncecenrannns N —1.15 2.42 45 52.54 +.11
S Aquariiceveeeicenannnn. Ww. 1.‘0 + .84 +1.04 48 48.22 —. 02
0 Androm.......ccceven.. E. 0.9 +0.10 —1.34 21 56 53.78 +.01
aPegasi cocevsniennnnnnn. 1.0 + .40 1.03 59 17.43 —. 07
= Cephei ....... eeeemeenns .4 —2.32 3.81 22 04 32.84 +.32
¢ AQUATHi.eueuerennnn 1.0 + .70 1.01 08 37.28 —.18
oCephel .eoeeeinnannnann. .6 —1.32 2.61 14 11.74 +.05
4 Cassiope® «oeueeennnan. E. 7 — .87 | —211 20 00.62 | —.15

Normal equation, 10, 54¢—1. 319a,+0. 343w‘+0. 816¢+1. 653=0

Normai equation, 1 ~0.126 +40.033 +0.078 +0.157=0

Adopted a,=—0.25 a,=—0.25 e=—0.10
Chronometer fast 15 17 at 22b, 82.

[North Springfield, Mo., November 13, 1884. After signals. Observer, Woodward.]

Name of star, Clamp. | Weight. A o t v

h. m. s 8.
¢ Pegasi ..ocuvenes cennens E. 1.0 +0.34 —~1.05 23 46 514.06 +.02
Gr.4163....ccieieaeanna. .4 -2.13 3.58 49 33.95 +.03
w Piscium ....coicnveeenn. 1.0 + .52 1.01 53 40,03 +.02
B Cassiope® .ecere.ss .8 - .70 1,92 00 03 19.88 +.06
v Pegasi .cccee.n.... E. 1.0 + .40 | —1.03 - 07 84.65 —~.03
[ 071 - N Ww. 1.0 +0.74 +1.01 00 13 49.86 +.05
44-Piscium ...ccoenrenennn. 1.0 + .59 1.00 19 46.36 | +.06
¢ Cassiope®@...cuve veneenns .8 — .46 1.67 30 51.23 +.01
& Androm. ..... sevmnnanaas Ww. 1.0 + .14 +1.16 33 26.96 —. 16

Normal equation, 8. 0A¢4-1. 102%_0' _l52aw——1. 552¢4-0. 726=0

Normal equation, 1  +0.138 —0.019 —0,194 +0.091=0

Adopted a,=—0°15 a,=—0.15 c=~—0%05
Chronometer fast 15¢. 08 at 00t 16.
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TasLe III.—Details of time work—Continued.

[North Springfield, Mo., November 14, 1884. Before sigrals. Obsmrver,° Woodward.]}

Name of star. Clamp. | Weight. A g t v

. h, m. s 8.
o Aquarii....... E. 1.0 +0.76 —1.02 22 24 44.55 +. 06
o Lacerta... 9 ~— .33 155 26 45.49 +.02
226 Cephei ... . 4 —2.50 4.03 30 80.13 | —.14
¢ Pegasi .. 1.0 + .46 1.02 35 54.88 ~.01
A Pegasi . 1.0 + .27 1.09 41 11.10 .00
& Aquarii E. 1.0 + .84 ~1.04 48 43.74 —-.02
o Andro,lm ................ W. 0.9 ~0.10 +1.34 22 56 50.35 +.21
a Pegasi . 1.0 + .40 1.03 59 13.63 +.08
= Cephei . .4 -2,32 3.81 23 04 30.71 +.16
¢ Aquarii .. . 1.0 + .70 1.01 08 33.36 +.03
o Cephei ..... .6 -1.32 2.61 14 08 54 ~.36
4 CassioPe® eeveer cavens w. T - .87 | +2.11 19 67,51 -.16

Normal equation, 9. 9A¢+1. 033¢,—1. 319, +-0. 636¢+-8. 220=0

Normal equation, 1 40,105 —0.133 +-0.064 --0.326=0

Adopted a,=+030 a,=-+40°30 c=—0005
Chronometer fast 11% 31 at 22t 82,

[Xorth Springfield, Mo., November 14, 1864. After signals. Observer, Woodward.)

Name of star. Clamp. | Weight. A (4} t v

h. m. 8. 8.
41 H. Cephei...... cereenaes Ww. 0.6 —1.29 +2.58 23 42 39,79 +.08
dPegasi coeveieianennes 1.0 + .34 1.05 46 50.25 +.09
Gr.4163. . ..c.evenneenns. .4 -2.13 3.58 49 31.36 -.12
» Piscium cavenerecerannn. 1.0 + .52 1,01 53 36.08 +.04
B Cassiope® +ovceeecuennn. .8 —.70 1.92 00 03 16.23 -.29
vy Pegasi ......... EEPRTETY w. 1.0 + .40 +1.03 07 30.66 -.10
[ 071 - E 1.0 +0,74 -1.01 00 13 45.47 +.03
44 Piscium .ceveveennnnnn.. ’ 1.0 + .59 1.00 19 41.97 -.02
12 Ceoti.cuvuennanne ceeesnans 1.0 + .67 1,00 24 21.71 +.05
¢ Cassiope® veeeeeesvecnas .8 — .46 1.67 30 47.32 +.03
8 ADArom ..ceeececececans 1.0 + .14 1.16 33 22.96 -.03
0 Cassiope® cceveeeronnnns E. .9 —.27 ~1.48 38 382.18 +.13

Normal equation, 10, 5A¢+1. 529a,,—0. 826@,-0. 768¢+1. 950=0
Normal equation, 1 +0.145 —0,088 --0.073 +0.186=0

Adopted a,=+0°30 a,=+0%30 c=—0%10
Chronometer fast 110 20 at 00b, 03,
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"TaBLE IIL.—Details of time work—Continued.

[North Spring'ﬁeld, Mo., November 15, 1884. Before signals. Observer, Woodward.,
\

Name of star. Clamp. | Weight. 4 c ¢ v

h. m, 8. 8.
¢ Pegasi.ccareccenenaeannn. Ww. 1.0 +40. 46 +1.02 22 35 51.34 +.02
A Pogasiccceaeecaannnnann.. 1.0 + .27 1.09 - 41 07.55 +. 06
a Pis. Aus..... seeamacenass Ww. 1.0 +1.07 +1.16 |- 51 24.90 —.08

Normal equation, 3.6At4-1. 110a,,+-4. 722¢4-2. 542=0

Normal equation, 1  --0.308 1,312 4-0.706=0

) Adopted @, =012 c=—0%02
' Chronometer fast 7¢ 61 at 22b. 71.

{North Springfield, Mo., November 15, 1884. After signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A g t v
h. m. & 8.
& Sculptoris. . E. 1.0 +1.04 ~1.14 23 43 03.55 +.03
¢ Pegasi ..... 1.0 + .34 1.05 46 46.31 —-.05
Gr. 4163.... 4 | ~2.13 3.58 49 26.73 -.17
 Piscium.... 1.0 + .52 1.01 53 32.26 —-.03
B Cassiopez. . ' 7 - .70 1.92 00 03 12.48 +.06
22 Androm....ceeveneennnn. E. 9 - .20 —-1.43 04 29,60 —-. 11
30715 PP P W 1.0 +0.74 +1.01'} 00 13 42.04 +.07
44 Piscium.... 1.0 + .59 1.00 19 38,61 +.12
¢ Cassiope® . .8 - .46 1.67 30 43.76 +.09
¢ Androm.. . 1.0 + .14 1.16 33 19.46 +.02
¢ ADArom. ceveveceecencan. W. 1.0 + .26 +1.09 41 23.10 .00
y Casgiope® .eeveeennnsn.. E. 0.7 —0.78 -2.01 00 49 56.58 -.01
e Piscium.. L0 + .50 1.01 57 06.51 -.21
f Piscium.... . 1.0 + .56 1.00 01 12 00.26 +.03
40 Casgiope® veveeveecnreael E. .5 -1,91 | -3.32 29 33.4 +.15
. Normal equation, 13.0at+-1. 362a,—0. 063a,,—6. 744¢ + 5. 947=0
: Normal equation, 1 4+0.105 —0.005 ~0.519 +0,457=0
Adopted @,=+0%12 . | a,=+0.12 =002

Chronometer fast 7. 48 at 00%. 39. ’ .
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TABLE III.—Details of time work—Continued.

{North Springfield, Mo., November 16, 1884. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A [ t v

h. m. s 8.
aLacert®.ccccecnacnrennn, w. 0.9 -0.23 +1.55 22 26 38.88 +.16
S POZASE cevnenrnrnrenannnns 1.0 + .46 1.02 35 48.60 +.12
APegasi coeneeicennenienan. 1.0 + .27 1.09 $1 04,51 -.09
¢ Cephei ...... evenen covaces w. .6 —-1.15 +2.42 45 41.49 - 25
S Aquarii.cccaee.. connoenn E. 1.6 | +40.84 -1, Q4 22 48 37.35 —-.02
aPig, AtS.cceeercennnnenn. 1.0 +1.07 1.16 51 22,14 .00
0 Androm ...cecenneucneca. .9 - .10 1.34 56 43.15 -.01
aPegasi.coviienricainann.. . 1.0 + .40 1.03 59 06,95 +.09
mCephei..covianiecaranann. .4 -2.32 3.81 23 04 22.17 +.09
¢ Aquarii..cccovaeciernnnnn. E. 1.0 + .70 -~1.01 08 26.69 —.10

Normal equation, 8. 8At+1.992a,,—0. 257a,—2. 013¢4-5. 274=x0

Normal equation, 1 +0.226 —0.029 —0.226 -4-0.593=0

- Adopted a,=~0.18 a,=—0.18 c=—0° 08
Chronometer fast 41. 58 at 22b, 81,

[North Springfield, Mo., November 16, 1884, After signals, Observer. Woodward.]

o Name of star. Clamp. | Weight. A [} t v

. h. m. s 8.
vAquariiceeeesicieiaenan. E. 1.0 +0.88 -1.06 +f 23 38 18.53 —.04
41 H. Cephei.ccueerncnnn.n. .6 —-1.29 2.58 . 42 32.34 -.01
¢ Pegasi cvcveninnicarennn. 1.0 o .34 1.05 | ° 46 43.26 +.04
w Piscium.ccvvariecirennn. 1.0 + .52 1.01 53 29.05 -~.08
B Cassiopem® ..ceveveensn.. E. .8 - .70 —-1.92 00 03 09.35 , +.01
yPegasi cerennrnnnnnennns w. 1.0 | 4040 | +1.03 | 00 07 24.08 | .03
[ 671 O, eecenan 1.0 4+ .74 1,01 13 38.96 +-. 01
44 Piscium....c.cevvannenn. 1.0 + .59 1.00 19 35.47 -.01
¢ Cassiope® ........ vemaes .8 — .46 1.67 30 40.85 -.01
e Cassiope® ...oonueneen.. w. .8 - .57 +1.78 34 06.20 +.07

Normal equation, 9. 0A¢4-0.906a,+0. 4062, ~0. 404c+-3. 964=0

Normal equation, 1 40,101 +40.045 ~0,045 40.440=0

Adopted a,=-+0.25 a,=+0.25 c=~0°10
Chronometer fast 4¢.48 at 00P, 03,
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TaBLE IIL.—Details of time work—Continued.

[Bolivar, Mo., December 15, 1884. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A ¢ ¢ v

h. m. s 8.
v Androm....... ceeveacans w. 0.9 -0,07 +1.32 1 28 32.15 .00
L - 1.0 + .85 104 37 13.55 +.11
€ Casgiope®. covenrnnnnnns .7 —.95 | 2.2 44 36.29 — 2

. . 1.0 + .32 1.07 46 46,59 —. 06
- .5 —1,81 3.21 | 52 06.77 | .30
- w. L0 + .28 +1.09 69 10.84 —. 08

. E. 1.0 -+0.09 —1.20 2 08 5817 [ -—.01

50 Cassiope®
a Arietis...

y Trianguli ..

« Cassiope® . -- .6 —1.25 2,55 18 04.97 +.03
£2Ceti ..... - 1.0 + .50 1.01 20 32.52 +.06
36 Cassiope® .. . .5 ~1.87 3.29 25 36.14 —.17
L1071 VN E. 1.0 + .61 | —1.00 32 05.23 ' .00

Normal equation, 9, 2A¢—0.183a,,—0. 485a 1. 155¢—21. 653=0
Normal equation, 1 ~ —0.020 —0.053 +0.125 — 2.453=0
Adopted a,,=~1¢.86 a,=~1.86 ¢=+40%03
Chronometer slow 1= 32, 21 at 2, 10.
{Bolivar, Mo., December 15, 1884, After signals. Observer, Woodward.}
Name of star. Clamp. | Weight. A (4] [4 v;
: h. m. s 8.
48 H.Cophei ccavevneeennnn E. 0.3 —2.90 —4.55 3 04 15,25 +.26
¢ ArietiS..cceecanencianaan 1.0 + .31 107 06 47.07 +.11

a Persei seveseicaenennnen. .9 - .32 1.54 14 36,07 -.07
J Tauri..... e renansenenns 1.0 + .43 1.02 23 01.12 -.08
e Eridani «.ceeeeeeeecnnan. E 1.0 + .75 ~1.02 26 00.77 +.01
v CAmeloP <eeeeernneranans w. 0.5 —1.69 | +3.07 3 36 43.28 +.45
7 Tauri «veeevervenenrenne. L0 '} +.26 1.09 39 08.28 +.01
¢Persei..cocueieeanannnn. 1.0 + .12 1.17 45 23.25 -2
v Eridani ..ceeevenaannnn. 1.0 + .81 1.03 51 09.80 - 10
¢ Persei..ccenreneacecaan| W .9 - .25 | +1.48 58 47.80 | =-.16

Normal bquation, 8. 6A¢-+0. 332a,+0. 120a,,+0. 256c—21. 386=0
Normal equation, 1 +4-0.039 4-0.014 4-0.035 — 2.487=0
Adopted a,=-1%86 a,=-1%86 c=+0%07
\
Chronometer slow 1= 32s. 58 at 3, 53.

. (234)



“WOODWARD. ]

DETAILS OF TIME WORK.

TABLE 1II,— Details of time work—Continued.

[Bolivar, Mo., December 18, 1884, Before signals.

Observer, Woodward.]

63

Name of star. Clamp. | Weight. A (o} t v
h, m. 8. 8.
¢ Cassiopesm .oeevevsrneee.. E. 0.8 —0.45 -1.67 00 28 49.99 -.19
d Androm...... 1.0 + .15 1.16 31 24.51 +.11
0 Cagsiope® veeeeenneenn.. .9 — .26 1.48 36 34.80 +.31
J Piscium cceveerenennennn. 1.0 -+ .51 1,01 40 55.18 +.06
y Cassiope® ceeenuvrnennn. E. T - .7 -2.01 48 04.18 + 13
e Pisclum ........ [P, w. 1.0 +0.51 +1.01 00 55 10.72 —. 05
44 Cophei.cannenencnnnnnn.. .2 —3.48 5,27 1 00 53.25 +.04
S Piscium.eveeniaaeaaann.. 1.0 + .57 1.00 10 04.11 —.02
& Cassiope® vecevavecnen.. .8 - .74 1,08 16 35.88 -.18
» Piscium....... veecmeaan: 1.0 + .40 1,03 23 82,54 —-.15
Y Porsei.cacesrencerccncaas w. .9 - .27 +1.50 29 12.21 +.01
Normal equation, 9. 3a¢—0. 473a,—0. 051a,,+-0. 783¢—59. 683=0
Normal equation, 1 ~0.051 ~0.005 --0.084 ~ 6.418=0
Adopted 6,=43"35 a,=48%25 c=—0.05
Chronometer slow 1= 46 61 at 00b, 94,
[Bolivar, Mo., December 18, 1884, Aftersignals, Observer, Woodward.]
Name of star. Clamp. | Weight. A ) t v
he m. s 8.
w. 1.0 +0.28 +1.09 1 58 54.89 +.31
Ww. 1.0 + .50 +1.01 -2 20 14.91 -, 02
é Ceti. .... . E. 1.0 +0.61 -1.00 2 31 46.78 - 02
0 Persei..... .9 - .29 1,52 34 36.97 +.14
41 Arietis.. 1.0 -+ .21 1.12 41 26.29 -, 04
T Persei cevearan cerenesens E. .8 - .41 -1.63 44 24.61 -.47

Normal equation, 5. 7a¢--0. 780a,,+0. 231a,—2. 692c—44, 282=0
—0.473 - 7.769=0

. Normal equation, 1

+0.137 0, 040

Adopted a,=+3%35

ll‘=+3'. %

Chronometer slow 1= 475, 13 at 2% 46.

(235)
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64 LATITUDES AND LONGITUDES. {BULL. 49.

TABLE III.—Details of time work—Continned.

[Saint Louis, Mo., Angust 29, 1884, Before signals. Qbserver, Pri}chett.]

l Name of star. Clanp. | Weight. A ¢ t v
. " h. m. s 8.
109 Herculis uvveonnene.... E. 1.0 +0.31 —1.08 7 44 58,54 +.03
x Draconis ............. .9 —1.88 3.36 49 21.50 —.01
BLYT® eeemneenannns. 1.0 +.11 1.20 8 11 56.89 +.08
0 Serpentis, pr ......... 1.0 + .57 1,00 16 35.42 +.23
SAQUIl® cvvereinnnnnn... E. 1.0 + .43 -1.03 26 11.44 -~.06
OLYI® ccnvevreacearonnnn W. 10 +0.02 +1.27 8 38 26.56 +.04
7 Draconis.c.ceiecnnnen.. .9 '+ —~1.96 3.45 43 54.94 —-.13
GAQUIl® veevvriinannnnn. 1.0 + .58 1.00 45 43.42 -.04
BOFEN cannreranannnnnnn 1.0 + .21 113 52 06.20 | —.10
B SAZIt®D . oerearreenenn w. 1.0 4+.38 | +L05 | 9 01,5230 | —.05 |

Normal equation, 9, 8a¢—0. 272a,—0. 574a,,+0. 221¢+-20. 258=0

Normal equation, 1 —0.028 —0.059 +40.023 + 2.067=0

Adopted a,=-1¢12 a,=+112 c=0" 47
Clock fast 49,96 at 8h.45.

(Saint Louis, Mo., Augnust 29, 1884, After signals. Observer, Pritchett.]

Name of star. ‘| Clamp. | Weight. 4 [} t v
h. m. s 8.
OAquil® ..oooveiaia. w. 1.0 +-0, 64 +1.00 9 31 16.31 +.03
o! Cygni, 86q «.ceaernnnea.-. 1.0 - .20 1.45 35 56.17 —.04
& Cephei, Pr.oeueveennn..n. .8 ~2.87 4.58 38 49.58 +.01
e Delphini .oeevneiennnnen. W. 1.0 + .47 +1.02 53 33.93 .00
B Delphini.eecernvennne.n.. E. 1.0 +0.43 -~1.03 9 57 58.73 +.05
a Delphini...cveeieeannn.n. 1.0 + .41 1.04 10 QO 06.76 -.01
€Cygni.cerniainannn oen 1.0 + .11 1.20 07 21.92 | —.04
n Cephei..... PO veeass E. - 1.0 -~ .81 | -2.09 08 47.43 +.01
/ Normal equation, 7,8a¢-1,386¢,,+-0.140a o1 T740+10.136=0
Normal equation, 1 —0.178 +0.018 +0.230 + 1.300=0
Adopted a,=+12.17 a,=1s01 v e=-+0%.47

Clock fast 50¢. 00 a 9®, 87,
(236)
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TABLE IIl.—Delails of time work—Continued.

(Saint Louis, Mo., August 30, 1884. Before signals. Observer, Pritchett.).

65

Name of star. Clamp. | Weight. A ¢ t

v
h. m. s 8.
x Draconis. .cooeeean..... . .9 —1.88 -3.36 7 45 25.61 +.05
110 Herculis ........ .- 1.0 + .33 1.07 8 02 53.92 +.02
BLyI® «euunu..... Lo + .11 1.20 08 00. 82 +.03
¢ Serpentis, pr Lo + .57 1.00 12 39.35 .00
SAQUil® .ccvnienannn.... E. 1o + .fiB —-1.03 32 15.40 +.04
OLTTD e caemeaemeenananns w. | . 10 +0.02 | +1.927 8 34 20.98 | .01
7 Draconis...eveeeeanen.. .9 —1.96 345 39 57.91 .00
3 AQuil®.cevensrerncanan. 1.0 + .58 1.00 41 46.92 —. 05
BOYEN ceeeenaenaecaannn 1.0 + .21 1.13 48 09.71 -. 05
B Sagitti.cceriennnnn... w. 1.0 4+ .38 | +1.05 57 65.84 .00
Normal equation, 9. 8at—0.252a —0.574a,,+0.231¢+16.446=0
Normal equation, 1 —0.026 —0.059 --0.024 + 1.678=0
Adopted a,=+095 a,=+1.08 c=~0%26
Clock fast 49+, 58 at 88, 43.
[Saint Louis, Mo., August 30, 1884. Afler signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A (4} t v
h. m. s 8>
0 Aquil®........ cerecmanes Ww. . 1.0 +0.64 +1,00 9 27 19.85 -+.06
ol Cygni, 86Q eeueceunennn. 1.0 -~ .20 1.45 31 50.52 —.0L
. & Cephel, Pru.cvevuennnn.. .8 -2.87 4,58 34 51,88 -.01
39 073 14) (117 N Ww. 1.0 + .47 +1,02 49 37.36 —.03
B Delphini coevvevennnnn.n. E. 1.0 +0.43 -1,03 9 63 02,65 +.03
a Delphini ccaaeienniaaaas 1.0 + .41 1,04 56 10.69 —~.03
€ CYED veernennnnrnanannnn 1.0 + .11 1.20 10 03 25.92 .00
L)1) T S E. 1.0 - .81 —2.09 04 51.48 .00

Normal equation, 7. 8at—1. 386a,,4-0. 140a,+1. 774c-14. 220=0
Normal equation, 1 ~0.178 +4-0.018 +0.230 + 1.823=0

Adopted a,=+1+08 a,=+092 e=—0024
Clock fast 49°, 59 at 9. 80.
(237)
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66 LATITUDES AND LONGITUDES. {BULL. 49,

"TABLE IIL.—Details of ‘time work—Continued.

[Saint Louis, Mo., August 31, 1884. Before signals. Observer, Pritchett. |

Name of star. Clamp. | Weight. A o t v
-
\ h. m. s * 8
x Draconis :ceeneenanenen. E. 0.9 -1.88 -3.36 7 41 29.33 .00
110 Herculis ..coceenvnnnnn. ‘ 1.0 + .34 - 107 58 57.51 +.03
YLYr®.cececiiiaannns 1.0 + .13 1.19 8 12 51.40 .00

CAQUIl®.cennanianannnn. E. 1.0 + .43 | ~1.03 18 18,91 | -.03
7 Draconis......... . w. 0.9 -1.96 | +43.45 8 36 0110 | +.04
S AQUIlD- cerenenaannnn 1.0 + .58 1.00 37 50.57 | +.09
BCYENiernnecsineninann. 1.0 +.21 113 44 1322 | —.06
B SAgItt® ..ernaannnnnn. w. Lo + .88 | +1.05 53 50.38 .00

Normal equation, 7. 8at—0.792a,—0. 594a, —0. 029¢4-9. 600=0 !
Normal equation, 1 —0.102 —0.076 —0,004 +1.231=0
Adopted a,=+100 a,=-+1°00 e=—0%21

Clock fast 49°. 05 at 8b. 39.

(Saint Louis, Mo., August 31, 1884. After signals. Observer, Pritchett.]

Name of star. Clamp. | Weight. A o t v

h. m. s 8.
6 AQUIl®..eeeeineiinnns w. 1.0 0. 64 +1.00 9 23 23.49 —.04
&' Cygui, seq 1.0 - .20 1.45 25 03.10 ~.09
x Cephei, pr .8 -2.87 4.58 30 55.51 +.17
e Delphini .......... ‘W, 1.0 + .47 | 41.02 45 41.04 -1
8 Delphini ccoovoennnnnn... B 1.0 +0.43 ~1.03 9 50 06.25 +.12
a Delphini oveveenncan.ol ' 1.0 + .41 1.04 52 14.25 +.02
L0)7:5 1 SRR 1.0 + .11 1.20 59 29.40 —-.03
7 Cephei ........... vonanen E. 1.0 -~ .81 —2.09 10 00 5491 | . —.04

Normal equation, 7.8a¢~1.386a,,+0. 140a,4+1 T74e-4+10.288=0

Normal equation, 1  —0.178 -0.018 40.228 4 1.319=0
Adopted @, =+0.95 a,=+0°95 ¢=~0°31
. . Clock fast 49°.10 at 9.73. .
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WOODWARD. ] DETAILS OF TIME WORK.

TaBLE IIL.—Details of time work—Continued,

[Saint Louis, Mo., September 1, 1884, Before signals. Observer, Pritchett.]

67

Name of star. Clamp. | Weight. A g t v
¢
h. m. s 8
x Draconis......cceeennn .es E. 0.9 ~1.88 —3.36 7 37 33.79 -
8 Lyra ... 1.0 + .11 . 120 8 00 08.63 +.02
0 Serpentis, Pr .....c.ccne 1.0 + .57 1.00 04 47.10 -.02
YD 74 ¢: T 1.0 + .13 1.19 " 08° 55.60 -8
$AQUil®. caenariaeenannnens E 1.0 + .43 —1.03 14 23,23 +.1L
OLYI® ceneenrneanennnnnnns w 1.0 +0.02 | +1.27 8 26 37.89 | +.16 |
7 Draconis ..eaeeaeeceenan. .9 | —1.96 3.45 32 05.46 +.05 I
SAQUIR veeeeereneanaaenee 1.0 + .58 1.00 33 54.78 | —.04 |
BCFEMaeeneaenreanannnn. 1.0 +.21 1.13 40 17.49 | —.08
B SAGID vevenereroncnnnns w. 10 + .33 | +1.05 50 03.63 | —.03
Normal equation, 9. 84¢—-0. 4520, —0. 674a,,+0. U1c+13, 453=0
Normal equation, 1 —0.046 —0.059 +0.M2 4 1.373=0
Adopted a, =15 02 a,=+1%.19 c=-0%23
Clock fast 492, 25 at 8h, 32.
{Saint Louis, Mo., September 1, 1884. After signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A 4} t v
L. m. s 8.
0 Aquilm .ooovviiiiiniiana. w. 1.0 +0.64 +1.00 9 19 27.67 “+.11
ol Cygni, 86q. cavnerrnnenns 1.0 - .20 1.45 24 07.24 | —.07
« Cephei, proc.co.aeioo, .8 —2.87 4.58 26 59.63 —.03
e Delphini c.ooeeniinaaooo Ww. 1.0 + .47 .| +1.02 41 45.22 +.02 [
B Delphind evvnniinanaas E. 10 +0.43 —1.03 9 46 10.39 +.02 |
a Delphin .oceeeiceenen.n. 1.0 4 .41 1.04 8 18.50 +.02 |
[ e Oy eeneneaeeanaanann. .10 + .11 1.20 55 33.59 —-07 t
7 Cophel 1mmeeeeeeneannns E. 10 — .8l | —2.09 56 59,17 .00 |

Normal equation, 7. 8at—1. 386a,,+90. 140¢,+1. 774c +11. 080=0
Normal equation, 1 —0,178 +4-0.018 0,228 4 1.420=0

Adopted @,,=+1410 a,=+0.90 c=-0%26
: Clock fast 49+.18 at O GG.
(239)



68 LATITUDES AND LONGITUDES. (BULL. 49.

TaBLE IIL.—Details of time work—Continued.

[Saint Louis, Mo., September 2, 1884, Before signals. Observer, Ramel.)

Name of star. Clamp. | Weight. A o t v

h. m. s 8.
.x Draconis...... fiaeneennns E. 0.9 ~1,88 ~3.36 7 84 37.42 ~-. 02
B Lyre® ......... PN 1.0 + .11 1.20 57 12.46 +.01
¢ Serpentis, pr.. 1.0 + .57 1.00 8 00 50.97 +.01
yLyre ........ e eaenaaeas 1.0 + .13 1.19 04 59.39 —. 08
$Aquilte. cieinniiiniaiaaan. i 0N 1.0 L+ .43 ~1.03 10 27.00 +. 02
OLIT® «enennerenenannnnnn. W, 1.0 4002 | +1.27 8 22 41.49 -.05
7 Draconis.......... 9" —1.96 3.45 28 09.10 .00
SAquil®. ceivneinaaniaans, L0 + .58 1.00 29 58,68 +.0¢
BCFEMiecearrannann. . 1.0 +.21 1.13 36 21.40 +.01
B Sagitt® ..ooviniiiann.. W. 1.0 + .38 +1.05 46 07.50 +.03

* Normal equation, 9.8a¢—0.452a,—0 574a, 4-0. 111¢4-10. 869=0
Normal equation, 1 —0.046 —0.059 +40.011 + 1.109=0
Adopted @, =+12.00 a,=+1209 ©e=—0.22

Clocl fast 492 00 at 8h. 24.

{Saint I;(mis, Mo., September 2, 1884. After signals. QObserver, Ramel.]

Name of star. Clamp. | Weight. 4 g t v
. : h. m. s 8.
0 Aquile ..... PR ceeas w. 1.0 +0.64 +1.00 9 15 31.47 +.05
ol Cygni, 8€q. cevacrnneann 1.0 -- .20 1.45 20 11.16 +.08
& Cephei, pr...coeeein on. .8 —2.87 4.58 23 03.13 +.06
e Delphini .........0. PR w. . 1.8 + .47 +1.02 37 49.09 -.05
8 Delphini ...c.oeevennn.|  E. 1.0 +0.43 | —1.03 9 42 14.16 —.05
a Delphini coooeeeeniaaiis 1.0 - 4 .41 1.04 44 22/35 +.03
€ CYED ceneenenanennns. 1.0 + .11 1.20 51 87.40 —.10
N Cephel covvuviivniinnnns E. 1.0 - .81 -2.09 52 03.02 ~.02
Normal equation, 7. 8at-1. 386atl;-|—0. 140a,+1. 774c+-8. 942=0
Normal equation, 1 —0.178 -0.018 -4-0.228 --1.146=0
Adopted e, =-1s01 @, =+093 c=-0°24
Clock fast 48293 at 9h. 60.
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WOODWARD.] DETAILS OF TIME WORK.

TABLE IIL.—Details of time work—Continued.

[Saint Louis, Mo., September 25, 1834. Before signals. Olserver Pritcliett.]

69

Name of star. Clamp. | Weight. A g 1 v
. h. m. s £,
0! CyENi, 86Q cauernrnernnnn. E. 1.0 —0.20 | =145 7 49 44.41 —.08
x Cephoi, pro.. ... .. .8 —2,87 4.58 51 83.50 +.02
v CYENienennrannnn 1.0 — .03 1.30 57 48.19 —.12
e Delphini . 1.0 + .47 1. 02 8 07 22.77 +.09
B Delphini..ececeaoa.a.... 1.0 + .43 1.03 11 48.37 +.06
a Delphini..ceonaiuenan... E. 1.0 + .41 —1.04 13 50.45 +.06
W. 1.0 —0.15 +1.41 8 16 10.23 —.08
1.0 + .11 1.20 21 1187 -.18
1.0 — .81 2.00 22 37.37 +. 05
1.0 + .18 1.15 47 36.41 +-.07
1.0 + .56 1.00 49 37.35 +.07
1 Pegasi....... e 1.0 +.35 |- 106 5% 18.27 ~.02
8 Cephei...... eeeeaanean .9 —1.52 2.03 9 06 46.04 4.01
e Pegasi ..oooeaea... PR w. p 1.0 + .50 +1.91 18 00.75 +.02
Normal equation, 13.7A¢—1. 216a,~-0. G28a,,-+2. 053¢+418. 731=0
Normal equation, 1 —0.039 —0.046 +0.150 + 1.367=0
Adopted a,=+0.87 @,=+0"87 c=—0%14
Clock fast 49+, 23 at 8b. 44,
[Saint Louis, Mo., September 25,1884, A fter signals. Observer, Pritchett.]
Name of star. Clamp. [ Weight. A C t v
. h. m. s 8,
aAquarii cooeaviieaaiaa.. Ww. 1.0 +0.64 +1.00 9 39 17.51 +.0%
24 Cepheleeennanoiniannnnn. .9 —1.75 3.20 47 06.21 -+. 05
= Aguarii ... cees . 1.0 + .61 1.00 58 45.93 —~.08
T LAcerti® coeeee vouvees Ww. 1.0 — .30 +1.55 10 05 56.08 —-. 10
7 AQUATH .o E. L0 40.63 | —1.00 | 10 08 46.50 | —.03
10 Lacerta coveee ceenan.... 1.0 .00 1.28 13 26.53 —. 0t
¢Pegasi coaeenniiiiill . 1.0 + .48 —1.02 15 02.84 +.15

Normal equation, 6. 9a¢—0. 325a,,+-0. 810a,+3.130c+ 7. 742=0

Normal equation, 1 —0.047 +40.118 4-0.454 4-1.122=0

Adopted a,=+1%00 =10 00 c=—0 14
Clock fast 49s. 13 at 100, 02,
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0 LATITUDES AND LONGITUDES. [BULL. 49.

TasLe III.—Details of time work—Continued.

{Saint Louis, Mo., September 28, 1884. Before signals. Observer, Pritchett.]

E
E Name-of star. Clamp. | Weight. A (4 t v’
’ h. m. s 8.
yCyEM.canvaeeannnnan.| E 1.0 -0.03 | —1.30 7 46 00.77 - 05
1 Geoo............ e .9 —~1.80 3.26 58 26.62 | .02
4 8 Delphini....ccceeuunenn 1.0 + .43 1.03 8 00 01.01 © .00
¥ o Delphii ceeeniceacans « 1.0 + .41 1.04 02 09.14 +.03
1 €Cygmioceeeieacniaannn. E. 1.0 + .11 | -120 09 24.21 —.07
1 32 Vulpeouls ....eve.n.... w. 10 | 4022 | 4113 | 8 17 211 | .04
j T ) 7.0 SO 1.0 — .05 1.32 20 42,82 +. 04
1 Broim.oieeeennenen .8 ~2.98 4,65 35 41,84 | —.02
| eEqulei. ...ice.ceenn.... 1.0 + .56 1.00 37 50.10 .00
i LR T T Y w. 1.0 4+ .85 | +1.06 44 31.03 +.04

Normal equation, 9. 74¢—0. 700a,—1. 304a, 0. 726¢4-16. 440=0

Normal equation, 1 -0.072 —0.135 --0.075 + 1.694=0

Adopted @, =-0%90 a,=-1400 c=-010
Clock fust 4949 at 8. 22.

|[Saint Louis, Mo., September 28, 1884. After Signals. Observer, Pritchett.)

1 “Nawe of star. Clamp. | Weight. 4 0 ¢ v

1 h. m. s 8 -
€ Pegasi . ccveeeraccacruean.| W 10 .| 4050 | 4101 9 06 13.52 | +.09
T2Cyghi.amnns.: S W} - .27 1.52 10 15.07 .01
@ AQUABH «veacecennnaanans 1.0 + .64 1.00 27 30.10 —.05
S Cephei . cecrueaeanennnnnns w. 1.0 —.6L | 4187 34 3133 | .02
7 LACOTt®. .oeaesennennn....| I 1.0 ~0.30 | —1.55 9 53 07.77 | .01
SPOZIBE . mceamenennnn.. 1.0 + .48 1.02 10 03 15.15 +.04

J uPegasi..ceeeeennnnnnnn.. Lo + .18 .15 04 08.44 —.04
& Ceph6i......... ORI E. .9 1007 -2.42 13 08.48 | ~—.08

“ “ ‘

Normal equation, 7.9at-40. 260(1(0—0; 630a,—0. 498¢--9.846=0
Normal equation, 1  +40.033 —0.080 —0.063 +1.246=0
Adopted ¢, =4-075 a,=+060 c=—0.28

Clock fast 49°. 24 at 9. 68.
(242)



WOODWAED.] . DETAILS OF TIME WORK. 71

TABLE III.—Details of time work—Continued.

[Saint Louis, Mo., October 2, 1884. Before signals. Observer, Pritchett.)

Name of star. Clamp. | Weight. A o t v
) h. m. s 8.
B Delphini coaeeeinennnnnn. E. 1.0 +0.43 -1.03 7 44 15.64 .00
a Delphini ccovneieunnnnen. 1.0 + .41 1.04 46 23.74 +.01
€ CFB0i eccaenrnnnnnencen. 1.0 +.11 1.20 53 38.67 —.04
w Cephei......... eeeeeaen 1.0 — .81 2.09 55 03.29 —-.02
11 32 Vulpecul® ..... P L. 1.0 + .22 —1.13 8 01 43.30 —. 05
2000774 1| S W. 1.0 —0.05 +1.32 8 04 58.16 +.05
¢ Cygni...... eeesecncancen 1.0 + .18 1.15 20 04.52 -.01
a Equulei....c.ocoeeee..n. 1.0 + .56 1.00 22 05.44 —.06
1Pegasi .c..ooivcennnncnns 1.0 + .35 1.06 28 46.39 +.03
BCephei.oenvaenenaanan... .9 ~1.53 2.93 39 14.15 +.04
B[ 3 03414 1| S 1.0 - - .03 1.30 44 19.21 +.13
€ Pogasi «eeeunnnnes Lo | +.5 | o o0 2873 | —12 |
16 Pogael covuvaruennnene. 1.0 + .25 111 50 45.40 | +.04
a Aqaari........ PO w.- 1.0 + .64 +1.00 8 11 45.50 —.00

Normal equation, 13.9at40. 360a,+-1. 023¢, --5. 097¢-16. 091=0

Normal equation, 1 40,026 40.074¢ --0.367 - 1.157=0

Adopted a, =065 @, =40 65 c=—0%48
Clock fast 48 05 at 8 35.

{Saint Louis, Mo., October 2, 1884. After signals. Observer, Pritchett.)

Name of star. Clamp. | Weight. A4 o ¢ v

L. m. s 8.
7Lacert®..cccueieaeennnn. W, 1.0 —0.30 41.55 9 38 24.17 —. 02
PW-NGLIE § | N . 1.0 + .63 1.00 41 14.92 —. 05
10 Lacertm® 1.0 .00 1.28 45 55.02 +.08
¢ Pogasi .. . .10 + .48 1.02 47 3L02 | —.01
¢ Cephei..... wesvoracacaan W. .9 —1.10 |. +2.42 57 25.88 +.09

N
oAndrom ............ P E. 1.0 —0.07 —1.34 10 08 21.94 - 07
7 COPhCi.ernas ceeseninnens .8 _2.95 3.81 16 02.25 | 4.00 |

7 Pegasi .......... cemrenan 10 + .29 1.09 26 37.22 —.01
x Piscium ceeeee caeenannn. 1.0 + .62 1.00 32 41.10 +-.01
TOPeZA8E cevennnonnuenann E. 1.0 + .46° —1.02 34 '59.19 +.02

' Normal equation, 9. 7a¢t—0. 180a,,—0. 500a,—0. 470c+11. 180=0
Normal equation, 1 —0.019 —0.052 —0.048 + 1.152=0
Adopted a,, =079 a,=+0170 c=-0.48

glock fast 482 12 at 100, 07,
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72 . LATITUDES AND LONGITUDES.

[BULL: 49,
TABLE 1I1.—Delails of time work—Continued.
{Saint Louis, Mo., October 6,1884. Before signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A C t v
- /
- k. m. s 8.
e Delphini ...ocaoaonnee... w. 1.0 +4-0. 47 +1.02 7 24 08.38 —.01
8 Delphini ....... 1.0 + .43 1.03 28 34.05 +.02
a Delphini ....... 1.0 + .41 1.04 30 42.13 +.01
€eCygni.......... 1.0 + .11 120 37 57.27 +.03
nCephei .ovveeveeennaoaal. L0 - .81 2.09 39 22.61 +.09
32 Vulpecul® .coceeennn.n.. w. 1.0 + .22 +1.13 46 01.75 —.05
[0 0377\ E. - 1.0 +0.01 -1.27 7 58 03.96 —.06
1Pegasi .ooeenneennnananns 1.0 + .35 1.06 8 13 02.84 +.02
BCephei.....ccoooviunnnnn . .9 -~1.53 2.93 23 28.47 —.12
ePegasi vooeeeinniinnn.. 1.0 + .50 1.01 34 45.35 .00
16 Pegasi ceeneerniaanennnn. .0 | + 25 111 44 0L98 +.01
@ AQuarii...cooeaiinnaan.. E. 1.0 + .64 -1.00 56 02.09 —-.01
! Normal equation, 11.9a(40. 830a,,4-0. 873@,~0. 577c+12. 678=0
R Normal equation, 1 +0.070 +40.031 —0.048 4 1.065=0
Adopted a, =060 a,=+0% 60 ¢==—0% 45
Clock fast 49s 15 at 8b. 10.
{Saint Louis, Mo., October 6, 1884. After signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A C t v
. h. m. s. 8.
7 Pegasi ceeeieiiniinienaa, E. 1.0 +0.13 -1.19 9 01 02.32 +.03
24 Ceph€i.ecrcnnnennnnnne.. .9 —1.75 3.20 02 48._ 22 —-.01
yAquarii..oeoeeeaaanan ' 1.0 + .65 1.00 11 49.85 —.02
7 AQUATii ceveenninnaniial, E. 1.0 + .61 —~1.00 15 30.57 —-. 05
nAquariiceceieeiiiannna. Ww. 1.0 +0.63 +1.00 9 25 32.45 —-.01
¢ Pegasi voeeneiniavanaann 1.0 + .48 1.02 31 48.51 +.02
7 Pegasi . . ' 1.0 + .18 115 33 41.98 +.03
[R07:3 1) 1T S w. .9 -1.10 +2.42 41 42.99 +.04

Normal equation, 7. 8at—0. 185, + 0. 300a,,—0. 722¢ +-8. 822=0

Normal equation, 1~ —0.02¢ +0.038 —0.093 +1.131=0
Adopted @, =065 a,=+0.65 ~ e=—0047
Clock fast 49+ 18 at 9b. 34.
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WOODWARD.] DETAILS OF TIME WORK.

TaBLE IIL.—Details of time work—Continued.

|Saint Louis, Mo., October 17, 1884. Before signals. Observer, Pritchett.]

73

Name of star. Clamp. | Weight. A a t v
. h. m. s 8.
a Aquarii...c.eee.e ceeeeen| WL Lo +0.64 +1.00 8 13 10.55 +. 02
= Pegasi .. 1.0 -+ .12 1.19 18 10.86 —.06
24 Cephei .. . .9 -1.75 3.20 20 57.71 .00
» Aquarii, ..... [P W._ 1.0 + .65 +1.00 28 58.41 +4.01
m Aquarii....ea... [N E. ) 1.0 0. 61 -1.00 8 32 38.84 —.08
7 Aquarii ..... R cenes 1.0 -+ .63 1.00 42 39.90 +.07
7 Pegasi .......... cesemans 1.0 + .18 1.15 50 49.27 -+.03
¢ Cephef...oane.... cvoemces E. .9 —1.10 —2.42 58 49.38 -.01
Normal equation, 7. 8at—0. 165a,,+0. 430a,4-0. 742¢-9. 536=0
Normal equation, 1 -0.021 +40.055 -H0.095 4-1. 223=0
Adopted @, =4-0°. 69 a, =071 e=—01.11
Clock fast 1™ 12+, 24 at 8, 55.
{Saint Louis, Mo., Octobor 17, 1884. After signals. Observer, Pritchett.|
' }
Name of star. Clamp. | Weight. A 0. t v !
!
h. m. s 8.
0 ADALOM cceunerverannens. E. Lo -—0.07 —1.3¢ 9 09 47.01 +.01
aPogasi couvnnnnnn v 1.0 + .42 1.03 11 10.76 +.05
w Cephei ..... PR .8 —2.25 3.81 17 28.35 —. 03
« Piscium ..... hoX 1.0 .62 | —1.00 3t 07.12 —02
70 Pegasi ceeves w. 1.0 +0. 46 +1.02 9 36 25.31 +.01
CADATODY.ces i iaeeinanenns 1.0 - .10 1.36 45 34.51 +.0t
Piscium..eneervenceannn. 1.0 + .56 1.00 47 05.16 — 05
B Cassiope®. ceveaneannnnn. w. 1.0 — .65 [* +1.92 10 15 03.79 —.01

Normal oquation, 7.84¢—0. 830,4-0. 270a, 1. 118c+9. 946=0

Normal equation, 1 —0.106 +0.035 -0.143 +1.275=0

Adopted @ ,=+0%55 a,=+055 c=—0%09
Clock fast 1m 12325 at 9. 58.
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4 LATITUDES AND LONGITUDES. {BULL. 49,

TaBLE 111.—Details of time work—Continueﬂ.

[Saint Louis, Mo., October 18, 1884. Before signals. Observer, Pritchett.]

Name of star. Clamp. | Weight. A qg t ?
| h. m. 8.° 8.
BCephei..................| W. 0.9 —153 | +2.93 7 36 42.76 | —.02
ePegani co.oeueniaannnn 1.0 + .50 101 47 58.91 +.02
16 Pegasi «..ovvnvereennnn.. 10 +.25 111 57 15.37 +.01 -
a AQuarii .ceueeenannnnn. w. 1.0 + .64 | +1,00 8 09 15.64 —.0L
7 PegaBl <evueernrncranans E. 1.0 +0.13 | —1.18 8 13 158 | —.09
24 Copheis....ceueenennnnan .9 —1.75 3.20 17 0194 +.03
7w AQUALH eeeeniaianannn. E. 1.0 +.61 | —L00 28 44.15 +:05

Normal equation, 6.8a¢+0.013a,, —0. 8354+ 0. 697¢+ 8. 867=0
Normal equation, 1 40,002 —0.123 +40.102 41.304=0
Adopted a,=+0.65 a, =057 c=—0208

Clock fast 1™ 13+, 23 at 8. 07,

{Saint Louis, Mo., October 18, 1884. After signals. Observer, Pritchett.]

Namo of star. Clamp. { Weight. 4 c t . v

’ h. m. s 8.
nAquarii.cceeeeiiiiiiiaan E. 1.0 -+0.63 -1.00 8 38 45.08 +.04
10 Lacert®.......... eeesens 1.0 .00 1.28 43 24.72 ~.01
CPogasi ceceeeiemraneanacs 1.0 -+ .48 1,02 45 0109 +.02
N Pegasi cueeeniniieaiaain 1.0 -+ .18 1.15 46 54.23 -.21
«Cephei.ieceeneecncannes E. .9 -1.10 —2.42 54 54.52 ~.03
¢ ADATOM .evevurennnnsnn. w. 1.0 —0.07 | +1.34 9 05 53.39 +.02
« Cephei........... connnes .8 -2.25 3.81 13 34.80 +.05
7Pegasi ceeeenicinneiannn 1.0 <+ .29 1.09 24 08.53 +.03
70 Pegasi .....cocovevnnnnns 1.0 -+ .46 1.02 32 30.53 +.12
¢ Piscium......ooooaeieeen w. 10 - .56 +1.00 43 10.31 .00

Normal equation, 9.7a¢t+0.300a,—0. 560a,,+0. 870¢+-13. 612=0

Normal equation, 1 40.031 =0.058 +4-0.090 + 1.403=0

: Adopted a,=+0%.75 a,=+0°68 c=—0%11
Clock fast 1@ 132, 37 at 92,07,
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WOODWARD.]

DETAILS OF TIME WORK.

TABLE III.—Details of time work—Continuned.

[Saint Louis, Mo., October 19, 1884, Before signals. Observer, Pritchett.]

15,

Name of star. Clamp. | Weight. A [ t v
. . h, o m, s 8.
BCephei.cceneaneannnnn. 0.9 —1,63 +2.93 7 32 47.44 —, 05
ePegasi coveeenannannn.... 1.0 + .50 1.01 44 03.41 +.02
16 Pegasi coeeenrnnannnnnnns 1.0 + .25 111 53 19.86 —.01
aAquarii.....coooaann.... 1.0 + .64 +1.00 8 05 20.12 .00
= Pegasi 1.0 +0.13 —1.19 8 10 20.23 .00
.- 24 Cephei .9 —1,75 3.20 13 06.69 +.03
y Aquarii 1.0 + .65 1.00 21 07.80 +.07
= Aquarii 1.0 4 .61 | —1.00 24 48.44 —.04
Normal equation, 7. 8at+0, 013a,,—0. 1850, —0. 313¢+-5. 267=0
Normal equation, 1 +0.002 —0.02¢ —0.040 40, 675=0
Adopted a,,=+0°75 a,=+0.7 e=—0.10
Clock fast 1™ 13, 66 at 8b. 03,
[Saint Louis, Mo., October 19, 1884. After signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A c t v
h. m, 8. 8.
nAquarii..caeeiiinnnnnna.. 1.0 +0.63 —1.00 8 34 49.44 +.06
10 Tacert®....ccveeeancenn. 1.0 .00 1.28 39 29,12 +.08
¢ Pegasi .ooe.... ceersensan 1.0 4 .48 1.02 41 65.29 —.13
N Pegasi ceeeerinnnnnnaa. 1.0 + .18 115 42 58.76 —. 01
tCephdi.ciieeiennnnan... .9 -~1.10 -~2.42 50 58.73 - 11
0’ Androm...cceeeenan.- 1.0 -0.07 +1.34 8 01 57.75 +.10
mCephelceeaeiieeniennnn. .8 —2.25 3.81 909 38.86 +.10
TPegasi coociiiiinnnnnn- Lo + .29 1.09 20 12.77 —.05
« Piscium socene vennnnnnns Lo + .62 1.00 26 16,72 —. 06
T0Pogasi voeeeniannannannas Lo + .46 +1.02 28 34.82 +.04

Normal equation, 9. 7At+0. 300¢ G—i). 500a,, 0. 870c4-5. 939=0

Normal equation, 1
Adopted @, =0 65

a,=+0°65
Clock fast 1m 132 59 at 85, 99 .
(247)
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LATITUDES AND LONGITUDES. [BULL. 49.
TaBrLE III.—Delails of time work—Continued.
[Saint Louis, Mo., October 22, 1884. Before signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A (4] t v
k. m. s 8.
» BCephei.cecieraarennnnnn. E. 0.9 —1.53 —2.93 7 20 57.86 .00
¢ Pegasi ..... . 1.0 + .50 1. 01 32 14.13 —.09
16 Pegasi cocrnecnncanannnns ) 1.0 + .25 1.11 41 30.72 +.06
0 AQUarii.cccvirennncnan. E. 1.0 + .64 | —1.00 53 30.94 —02
wPegasi coviniiinaieana, w. 1.0 +0.13 +1.19 7 58 31.29 —. 07
.90 —1.75 3.20 8 01 18.21 +.06
1.0 + .65 1.00 09 18.90 +.10
mAquarii ceceveieenann., w. 1.0 + .61 +1.00 12 59. 56 —.01
Normal equation, 7. 8a¢+0. 013e,—0. 185¢,,+-0. 313c+11. 130=0
Ndrmal equation, 1 +0.002 —0.024 40.040 4 1.435=0
Adopted a,=+0%.84 a,=+0%74 ¢= 0205
Clock fast 1™ 1244 at 7. 86.
{Saint Louis, Mo., October 22, 1884. After signals. Observer, Pritchett.]
Name of stur. i Clamp. | Weight. A c ¢ v
h. m. s. 8.
10 Lacert®..cccevvmaeennen. w. 1.0 0.00 +1.28 8 27 4uv.33 —.01
$Pegasi coeviiiinnanannn. 1.0 + .48 1.02 29 16. 56 +.01
nPegasi coocooiiiaall 1.0 + .18 1.15 31 09.90 +.11
CCephei.uemnnaennnnannns w. .9 ~1.10 | 4242 39 10.48 +.04
o Androm pON 1.0 —0.07 —1.34 8 50 08.54 +.01
7« Cephei. .8 —2.25 3.8L 67 49.56 +.05
7 Pegasi 1.0 + .29 1.09 9 08 23.74 -, 03
k Piscinm...c.oooienaias. 1.0 + .62 1.00 14 27.67 —. 07
70 Pegasi v.oveiiniecinnnnn. 1.0 -+ .46 1.02 16 45.67 —. 03
[99:% 113 (1)1 D, E. 1.0 —.10 —1.36 25 54.95 —.03

Normal equation, 9.74t-0.330a,,—0. 6004, —3. 230c+14. 70" =0

Normal equation, 1
Adopted a,=+0%.85

—0.034 —0.062
@,=+0.85
Clock fast 1m 12e, 45 at, &, 88,

(248)

~0.333 + 1.518=0

¢=—0%05



WOODWARD.] DETAILS OF TIME WORK. 7
TABLE III.—Details of time work—Continued.
[Saint Louis, Mo., October 23, 1884. Before signals. Observer, Pritchett.]
Name of star. Clamp. YVeightf. 4 g t v o
. h. m. s 8.
BCephti.eneriruaeannnnnn. L. 0.9 —1.53 —2.93 7 17 02.00 —. 02
e Pegasi cocuviieiiaia.l. 1.0 + .50 1.01 28 18.18 +.02
16 Pegasi cevnnernannnaann. 1.0 + .35 .1 37 3455 —-.10
a Aquarii coeeeeieenenan.. E. 1.0 + .64 | —Loo " 49 54,95 +.06
mPegasi .oooivanaa.l w. 1.0 +0.13 +1.19 7 54 35.20 —.10
24-Cophel veveraennnnann.an. .9 —1.75 3.20 56 22.00 .00
¥ AQUATH vemeeernrnannnn 1.0 + .65 1.00 8 05 22.89 +.15
E - Y ) W. 1.0 + .61 4-1,00 09 03.50 —. 03
Normal equation, 7. 84¢+0. 013a,—0.185a,,+0. 313¢+10. 275=0
Normal equation, 1 +0.002 —0.024 0.040 4 1,317=0
v
Adopted a, =084 0,=+0.84 c==0403
Clock fast 1™ 12230 at 7. 79.
{Saint Louis, Mo., October 23, 1884. A.fter signals, dhserver, Pritchett. ]
Name of star. Clamp. | Weight. A c t v
. . h. m. s 8.
n Aquarii..oeeeniaaaaan.n. Ww. 1.0 +0.63 +1.00 8 19 04.47 —.01
10 Lacert®.ccceenvacnenn-n. 1.0 .00 1.28 23 44.24 +.07
¢ Pegasi ..... eeeernanas 1.0 + .48 1.02 25 2047 | — 04
 Pogasi ..... e 1.0 + .18 1.15 27 13.91 +.04
(301571 1 1-) S, w. .9 —1.10 +2.42 34 14,02 —. 02
0 Androm..c.eeevnoaae .- E. 1.0 —0.07 —1.34 8 46 12.30 —. 06
mCephedveerrunnnnns vesenn .8 —2.25 3.81 53 52.85 —. U5
7 Pegasi ... . 1.0 + .29 1.09 9 04 27.61 +.01
x Piscium .......... 1.0 + .62 1.00 10 31.64 +.08
70 Pegasi «evuveennennnn. M O 1.0 4+ .46 | —1.02 12 40.58 | —.03

Normal equation, 9. 7a¢+0. 300a,,~0. 500¢,—0. 870c+-11. 796=0
Normal equation, 1 4+0.031 —=0.052 —0.090 4 1.207=0
Adopted a,,=+0%. 64 a, =064 e=—0.06

Clock fast 1™ 125 20 at 8 72.
. (249)




78 LATITUDES AND LONGITUDES. [BULL. 49,
TABLE 1II.—Details of time work—Continued.
|Saint Louis, Mo., November 13, 1884, Before signals. Observer, Pritchett.]
Name of star. , | Clamp. | Weight. A g t v
h. m. 8. 8.
2 AQUATHE veveenrnnronnnn. w. . Lo +0.63 | +1.00 6 56 21.78 | .04
$Pegasi cconeniiinennnnan 1.0 4+ .48 1.02 7 02 37.80 +.03
APegasi cooveneneneninnnns 1.0 + .29 1.09 08 53.09 .10
tCepheiicecencnenncennan. .9 -~1.10 2.42 12 30.86 —-. 02
o Androm W. 1.0 - .07 ) +1.34 23 29.65 -—. 06
7 Cephei....oeueun.. | E 0.8 ~2.25 | —3.81 7 31 09.30 +.02
70 Pegasi ..2....... .. 1.0 <4 .46 1.02 50 06.79 +.04
« Androm 1.0 - .10 1.36 59 15.82 —-.07
« Piscium L0 -+ .56 1.00 8 00 46.75 +.07
w Piscium E. 1.0 + .54 -1.01 20 05.93 4. 05
Normal equation, 9.74¢+0. 340, —0. 340a ,—0. 810c47. 429=0
Normal equation, 1 +40.035 —0.035 —0.084 +40.776=0
Adopted a,, =-+0° 67 a,=+0.77 c=-—0%10
Clock fast 1™ 03», 77 at; 7b, 54.
[
[Saint Louis, Mo., November 13, 1884. After signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A (o) , ot v
! . h. m. s 8.
B Cassiope® E. 1.0 —0.65 —-1.92 8 29 45.21 .00
y Pegasi cooeeennmeanan .. " 1.0 + .42 1.03 33 58.44 +.05
o ADdrom. .ececueecoeao... 1.0 + .06 foLu 38 58.73 —.03
6 Androm....oco.ooeon...., 1.0 + .17 1.16 . 59 40.70 .00
¢ Androm...ooeeeenn...... E. 10 + .28 —1.09 9 07 48.99 .00
4 ADATOM . +evenevnaanenn. w. 1.0 4+0.01 | 4+1.27 9 16 56.04 +.04
e Pisciom .covue oean.. e L0 + .52 Lo ! 23 30,02 -.12
BADILOM ...veuvenrennann| L0 + .08 1.22 99 49,16 | .07
v Piscium .oceeevenaen.oo. 1.0 + .23 112 39 38.31 —.02
d Cassiope® ...cveuennnn.. w. 1.0 — .71 +1.98 44 48.80 +.02 ]

Normal equation, 10. 0a¢+0. 230¢,+-0. 130 ,+0. 160¢+7. 130=0
Normal equation, 1 40.028 +0.013 +0.016 +-0.713=0
Adopted aw~_4+0'. 50" ae+0'. 7 c=~0°05

Clock fast 1™ 03¢, 74 at 0. 14,
(250)




WOODWARD. | DETAILS OF TIME WORK. 79

TABLE III.—Details of time work—Continued.

[Saint Louis, Mo., November 14, 1884. - Before signals. Observ'er, Pritchett.]

Name of star. Clamp. | Weight. A o ¢ v

h. m. s 8.
SPegasi coeremeiinerinnnn. w. 1.0 +0.48 | 41.02 6 58 26.83 +.06
n Pegasi - . L0 + .18 1.15 7 00 20.11 -~.09
A Pegasi .. 1.0 + .29 1.09 03 42.34 -, 08
+ Cephei .. . w. .9 -1,10 +2.42 08 20.32 .00
o Androm. .- E. 1.0 —0.07 -~1.34 7 19 18.68 +.01
= Cephei... .. ' .8 -2.25 3.81 26 58.56 +.09
.« Piscium. 1.0 + .62 1,00 43 37.96 -. 02
70 Pegasi .. . 1.0 + .46 1.02 45 55.99 .00
o Piscium..eeivannnnnne... . E. 1.0 + .56 -1.00 56 35.83 ~.09

Normal equation, 8. 7at—0. 040a, —0. 2300 —1.970¢c+7. 753=0

Normal equation, 1 —0.005 —0.026 —0.226 40.891=0
Adopted a,=-+1°00 a,=—0.74 c==0 07

Clock fast 4888 at 7. 37.

[Saint Louis, Mo., November 14, 1884, After signals, Observer, Pritchett.]

Name of star. Clamp. | Weight. A (4] t v

- h. m. s 8.
dPegasi..coeeevununnaa... E. 1.0 —+0. 36 —1.06 8 W 00.36 +.01
B Cassiope® ..ceevenann.-.. 1.0 | —.65 1.92 25 3404 —.03
yPegasi ..ol 1.0 + .42 1.03 29 47.56 —. 02
o ADATOM . .eiiitiiinnnnnas O 1.0 .| 4 .06 —1.24 34 41.76 - 07
 Androm .........oo..... w. 1.0 +0.12 +1.19 8 53 10.19 +.16
S Androm...ceeiiaianonaa, 1.0 + .17 1.16 55 35.88 —. 06
¢ ANATOM v eeeennnaenn. ’ 1.0 + .28 1.09 9 03 38.23 .00
y Cassiope® ..ovenneon.oo. 1.0 — .74 2.01 12 11.06 +.02
& Piscium..... sesscsoccanns w. 1.0 -+ .52 -+1.01 19 19.13 —. 02

Normal equation, 9. 0A¢-4-0. 190a,+-0.350a,,+1. 210¢+-6. 390=0

Normal equation, 1 +40.021 +4-0.039 +-0.134 40, 710=0

Adopted a,,=+0 69 a,=+050 =007
Clock fast 4874 at 8,78,
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80 LATITUDES AND LONGITUDES. (BuL. 40,

TABLE III.—Details of time work—Continued.

{Saint Louis, Mo., November 15, 1884. Before signals. Observer, Pritchett.]

Name of star. Clamp. | Weight. 4 c t v

h. m. s 8.
#AQUarii..........coe.... W. L0 +0.63 | +1.00 6 48 14.88 | —.02
¢ Pegasi ... 10 + .48 | ‘102 54 30.95 | .01
n Pegasi....... 1.0 + .18 115 56 24.27 | —.04°
APeZaSE ceeninieananannns L0 | 4.2 1.09 50 46.35 —.03
L Cophel ... oeereerrannnss w. .9 —110 | 4242 7 04 2414 +.02
0 Androm ........eeee..... E. 1.0 —0,07 | —1.34 7 15 22.73 —.06
7 Cephel ..ouieeneennnn... .8 —2.% 3.81 2 0275 | +.02
x PISCIAM ..cvaveenennnnn 1.0 + .62 1.00 39 4214 | +.00
70 Pegasi «oueuenennnnnnn.. 1.0 +.46 1,02 42 00.07 | —.01
¢ PiSCIUM veenvennennnnen. E 1.0 + .56 | —1.00 52 40.03 +.03

Normal equation, 9.7a¢4-0.59Ca,,—0.230a,~0. 970c48.402=0
Normal equation, 1 +0.061 —0.024 —0.100 +0, 866=0
Adopted @, =080 a,=+0°. 80 c=+0%05

Clock fast 48%, 90 at b, 26.

[Saint Louis, Mo., November 15, 1884. Aftérsignals. Observer, Pritchett.§

Name of star. Clamp. Weight. A ,0 t v

i h. m. s. 8.
¢ Pegasi...coeieenaneaaa. E. - LO +0.36 —1,06 8 05 14.45 —. 01
B Cassiope® ............... - 1.0 — .65 1.92 21 38.46 +.04
yPegasi...c.ccoieiiiani.... 10 + .42 1.03 25 51.72 +.05
¢ Androm ...ceeevnannnn... E. 1.0 + .06 —1.24 30 51.89 — 11
m Androm .......veeeeen.o| WL 1.0 +0.12 +1.19 8 49 14.23 +.03
S Androm..eeaceeeenenennn.. 1.0 + .17 1.16 51 40.07 —. 06
¢ ANArom.ceceeaann.. eees 1.0 + .28 1.09 59 42.47 +.03
'y Cassiope® ..oveveenen... S WL L0 ~a T f20 9 08 15.23 +.01

Normal equation, 8. 04¢+0.190a,~-0. 170a, ,+0. 200c +6. 850=0
Normal equation, 1 40.024 —0.021 0. 025 +0. 85620
Adopted a,=--069 a,=+0.74 c=--0%07

Clock fast 484,86 at 8. G6.
(252)



WOODWARD.] DETAILS OF TIME WORK. . 81

TaBLE II1.—Details of time work—Continued.

{Saint Louis, Mo., November 16, 1834. Before signals. Observer, Pritchett.]

Name of star. Clamp. | Weight. A C. t v
4

h, m. s 8.
NAQUATH ceeeeeneenee. w. 1.0 40.63 | +1.00 6 44 18.31 +.05
nPegasiccooieiieiiaen., 1.0 + .18 L15 | 53 27.60 —.03
APegasi............. 1.0 + .29 1.09 55 49.67 —. 03
L Cephiel venneniaeniaenn. W, .9 —1.10 | +2.42 7 00 27.87 +.03
orAndrom.....oooeeninnn.. E. 1.0 —0.07 —1.34 7 11 26.00 —. 01
7 Cephed .ceaeneanneeeaa. .8 —2.25 3.81 19 05.60 +.04
x Piscium ..oven voeneann.. 1.0 + .62 1.00 | - 35 45.32 .03
70 POZASH +envunueaneeinnnn. 1.0 + .46 1.02 38 03.34 —.02

¢ Piscium .oceee voiaanllL E. 1.0 -+ .56 —100 . 48 48.29 +.01

Normal equation, 8.74¢+0.110a,,—0.230a,—1.990c+-9. 208=0

Normal equation, 1 +0.013 —0.026 —0.220 +1.069=0

Adopted a,=+0%.70 a,=+0.70 c=-0%00
« Clock fast 48% 08 at 7. 23,

[Saint Louis, Mo., November 16, 1884. After signals. Observer, Pritchett.]

Name of star. Clamp. | Weight. A c t v

: h. m. s 8.
¢ Pegasi...... Meeeenneenen E. 1.0 --0.36 —-1.06 8 01 17.75 -+.07
g Cassiope® .............. 10 - .05 1.92 17 41.56 .02
yPegasi c.oceivinnninenn. 1.0 + .42 1.03 21 54.87 —. 02
© o Androm...........c.... . E. ' L0 + .06 -1.24 26 55.20 —. 02
7 ADArom..evvvnrinnnnaao. W, 1.0 +40.12 +1.19 8 45 17.46 —.04
8 Androm......ccenuennn. L0 + .17 1.16 47 43.19 —-.23
¢ Androm....oeieeeennnnn. . LO -+ .28 109 | - 55 45,74 +.02
y Cassiope® .............. 1.0 - .74 2.01 9 04 1841 —.03
e Piscium ........ooo..n.. w. 1.0 + .52 | 41.01 11 26.90 +.22

Normal equation, 9.04¢—0.190a,+-0. 350¢, ,+1. 210c+8. 790=0

Normal equation, 1 —0._021 +0.039 +40.135 +0.977=0
Adopted a,,=+0° 60 =070 c=~02 10
Clock fast 48 00 at 8. 65.
| (253)
Bull, 49——6 :
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TaBLE III.—Details of time work—Continued.

[Saint Louis, Mo., December 15, 1884. Before signals. Observer, Pritchett.]

Name of star, Clamp. | Weight. A Ny, t v
i : -
. - . m. s [3

y Trianguli ..... . P Ww. 1.0 +0.11 +1.20 8 29 59.33 —.18 |,

« Cagsiope®........ PR .9 —1.21 2. 55 39 08.98 —. 01 Q
SRR : 1.0 + .52 1.01 41 30.93 +.21 -
R .o wW. 1.0 + .59 +1.00 56 45.97 +.01

]

€ ArietiS. ceccenneecaninnnns E. 1.0 +4-0.33 -1.07 9 12 01.70, [ +.14

aCeti.eaanenenen. (OO 1.0 4 .58 1.00 15 38.37 —. 01

pPersei ..oo.o. ... teeemnen 1.0 + .0 1.28 17 11.53 —.16

2 H. Camelopardalis....... E. 1.0 — .71 —1.97 39 07.04 +.03

Normal equation, 7. 9At-+0.131a,,4-0. 210a,4-0. 185¢ 1+ 9. 204 =0 R

Normal equation, 1 +0.017  +40.027 +-0.023 41.165=0

Adopted @ =41 00 a,=+0°88 c=—00 10

Clock fast 03%.20 at 9h. 01.
fBaint Louis, Mo., December 15, 1884, After signals, Observer, Pritchett.}
Name of star., Clamp. | Weight. A [ t v
h. m. 8. 8.

¢ Tauri E. 1.0 +0.50 —1.01 9 40 14.48 —. 01
f Tauri 1.0 + .45 1.02 43 49.34 —. 01
& Persei E. 1.0 — .23 —1.48 54 02,02 +.04
[/ 1103 o SR, Ww. 1.0 +0.28 +41.09 9 59 54.85 —. 01
e Perseiveceerecerae cennnn 1.0 — .02 1. 30 10 09 23.26 +.02
cPersei.eacaceceriannnnn. W. R ] — .23 +1.48 19 32.56 —. 05

Normal equation, 6. 0At+0. 720a,40. 030a,,-0. 360c+5. 710=0

Normal equation, 1 +0.120 +40.005 -0.060 4+0.952=0 °

Adopted a,,=+0%50 a,=+1.02 =-0%.13

Clock fast 03+ 07 at 9% 96.
(254)
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TABLE II1.—Details of time work—Continued.

DETAILS OF TIME WORK.

|Saint Louis, Mo., December 18, 1884. Before signals. Observer, Pritchett.]

83

Name of star. CMmp. | Weight. A [ t v
- h. m. 8 8.

J Piscium...........c... .. Ww. 1.0 +0. 58 +1.00 7 20 31.55 +.05
v Androm ....coooiiiaiann 1.0 — .05 1.32 38 40.84 .00
vy Piscium.....c.oooe.le .. 1.0 + .56 1.00 44 02.63 +.02
o Pigcium...cocneannnn.. . 1.0 + .50 1.01 47 54.36 —.14
¢ Cassiope®....coovvenenen w. .9 — .92 +2.21 54 45,07 —. 05

50 CaSBi0Pem..ennnn ... oo E. 0.9 —17 | —3.82 8 02 1512 | +4.07
y Androm......c.eaeann... 1.0 — .07 1.34 05 23.87 +.02
a Arietis....coveeeennnnn.. 1.0 + .30 1.09 09 13.48 —.05

ECeti.cecnnnennaninnnnan. 1.0 4 .51 1.01 15 25,01 —.04

g2Ceti.ccciicinianianna.. E. 1.0 -+ .52 —~1.01 30 31.12 +.12

Normal equation, 9. 8¢+0. 762¢,,—0. 333a,—1. 119¢+11. 606=0
Normal equation, 1 +0.078 —0.03¢ —0.114 -1.184=0
Adopted a,,=+0°.79 a,=+0%59 c=~—0%12
Clock fast 517 24 at 75. 95.
[Saint Louis, Mo., December 18, 1884. After signals. Observer, Pritchett.]
Name of star.. Clamp. | ~Weight. A (4] t o)

h. m. s 8.
yCeti..ovouiaaaan ceemmeaenn E. 1.0 +0.59 —1.00 8 45 46.26 —.01
w Ceti..... reeresinanan .. 1.0 + .49 101 47 09.14 —.04
n Persei...... emeeeecanaaes 1.0 — .51 1.76 50 45.69 —. 02
e Arietis ...... ceeennieeans E. 1.0 + .33 —1.07 9 01 0195 +.03
& Arietis ..... eeacnseacenss W. 1.0 +0.35 +1.06 9 13 25.14 —.02
oTauri.ccocvvanenaiannnn.. 1.0 + .51 1.01 26 56.95 —. 07
2 H. Camelopardalis ....... 1.0 —.7 1.97 28 07.80 +.02
Flanri.cociiinniennn.. w. 1.0 + .45 +1.02 32 50.21 +.11

Nornal equation, 8.0a¢-+-0. 900a,-+-0. 600a;,+0. 220¢+49. 100=0
Normal equation, 1

+0.112

Adopted @ =069

+0.075

a,=+0%.59
Clock fast 51° 25 at 9% 12.

(255)
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TABLE III—Details of time work—Continued.

[Saint Louis, Mo., August 12,1884, Observer, Pritchett.]

T Ll

Name of star. Clamp. | Weight. A 0 t »

h. m. s 8.
o Ophiuchi .. ccociaiuanne. W. 1.0 + 0.45 | + 1.03 8 02 44.80 —.12
w Hercali8 .coaveveann..... A 1.0 + .22 1.13 15 05.18 +.08
72 Oph.i_uohi ................ 1.0 + .49 1.02 34 57.79 —. 01
¢ Urse Minoris .....ee... w. .03 —12.59 | 416.95 43 07.74 +.98
o Draconis ..coccevanan..n. E 8 — 0.68 | —1.95 9 22 28.17 +.12
NS R o S 10 |+ .13 1.19 27 33.67 | —.11
E. 1.0 4+ .21 | —1.13 .68 55.17 +.65

Normal equation, 5. 83a¢4-0. 780a,,—0. 200,—0.190c+6. 16 =0
Normal equation, 1 +0.134 --0.034 —0.032 41.056=0
Adopted a,,=+0° 85 ) @,=+0% 94 e=-—043

Clock fast 492 15 at 8b. 92,

[Saint Louis, Mo., August 12, 1884. Obscrver, Woodward.}

Name of star, Clamp. | Weight. A 0 ‘ t v
- e ——— e e}

i h. om. 8. 8.
& Draconis .covaveennnnnn. w. 0.8 —0,57 +1.83 8 24 40.34 —. 30
'67 Ophiuvchi............... 1.0 + .59 100 27 58.05 —.05
o Herculi8 cccevenennnna.. 1.0 + .2 114 36 07.72 +.01
7 Serpentis ...c.cieun.... 1.0 + .67 1.00 48 23.31 +.22
x Draconis ceeeccaeeaa. .. W. 0.5 —1.88 +3.36 56 14.67 —. 06
RLYI® ceveeennnnn eeeees E. 0.9 —0.12 | —1.39 9 24 46.31 —.06
$Aquil®e .oovvninean. ... 1.0 + .43 1.13 33 01.23 - .00
OLYr® oeveneinnnnaen. 0.9 + .02 1.27 45 15.39 +.15
7 Draconis . ceceennnn..... E. 0.4 —1.95 —3.45 50 42.19 +.08

Normal equation, 7. 551+0. 60a,,—0. T40a,+1. 320¢+9. 575=0
Normal equation, 1 +0.008 —0.069 --0.176 4-1.277=0

Adopted @, =085 a,=+0%.94, e=—043
Clock fast 49%14 at 9" 04.
(256)

.
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TasLE III.—Details of time work—Continued.

[Saint Louis, Mo., August 13,1884. Observer, Pritchett.]

Name of star. Clamp. | Weight. A (4 t v

h. m, s 8.
FDraconis. ceee eaiianaaens E. 0.8 —0.57 —1.83 8 20 42.84 —.23
o Herenlis ....oacevnann.an. 1.0 + .20 1.14 32 10.79 +.03
x Draconis E. 0.5 ~1.88 —3.36 52 16.33 +.25

B Cygni... w. 1.0 +0.21 | +1.13 9 55 00.18 — 0t

Sagittm ..o iiiiaaaain 1.0 + .37 1.04 10 04 46.34 +.08
G Oy caeeaatiaeneanans w. - .8 ~ .39 | +162 21 32,14 —.02

Normal equation, 5. 14¢—1. 196¢,+4-0. 268a,,—0. 818¢+6. 486=0

Normal equation, 1 —0.235 ~0.052 -—0.160 +1.272=0

Adopted @ =40 96 a,=+1% 00 c=—0% 46
. Clock fast 49 16 at 9b. 40.

[Saint Louis, Mo., August 13, 1884. Observer, Woodward.]

Name of star. Clamp. | Weight. A 0 t v

: h, m. s 8.
72 Ophiuchiv..ccvianaannn... E. 1.0 + 049 [ —-102 |- 8 31 00.8 | —.02
& Ursee Minoris ...eeun.... 0.03 —12.59 16.95 38 57.24 +. 67
[:3 9 0 S E. 1.0 + .11 — 1.20 9 14 50.75 —.01
§ Aquile ..... remenans w. 1.0 +0.38 | + 1.00 48 37.36 | +.02
[ 20575+ SR . 0.9 -~ .30 1.56 10 02 17.03 +.04
7 AQUIKD ceunenns ceeeann w. 1.0 |4 .48 |+ Lo2 09 39.64 |. —04

Normal equation, 4. 93A¢+0.222¢,4-0. 790¢,,4-0. 696¢+-4. 815=0
Normal equation, 1 +4-0.045 -+0.160 40.141 40.977=0

Adopted a,=-096 @,=+1%00 c=—10¢ 46
Clock fast 49°, 11 at 9b. 54.
(267)
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TABLE IIl.—Details of time work—Continued.
[Saint Louis, Mo., December 22, 1884. Observer, Pritchett. ]
Name of star. Clamp. | Weight. 4 ¢ t v
h. m. & 8.
e Cassiope®..c..coennnnn.. W. 0.7 —0.92 +2.21 7 39 01.46 +.15
y Androm ..... aeecsiinens 0.9 — .07 1.34 49 40.49 +.07
F 2 071 S 1.0 + .51 1.01 59 41.40 —.03
1 vyArietis................. 1.0 + .32 1.07 8 25 00.73 i}
F730 0 N Ww. 1.0 + .49 +1.01 31 25.58 .00
41 Arietis..........coean.n. E. 1.0 +0.23 —1.12 35 54.26 —.13
P07 S : 1.0 | + .58 1.00 48 54.79 —.08
BPersei.....cecennnooa... T 0.9 — .04 1.32 53 20.42 —.04
S Arietis..ceeeieienaa. .. 1.0 + .33 - 1.07 9 00 54.71L —.09
2 H. Camelopardalis ...... 0.8 —.7 1.97 12 23.50 +.19
5 H. Camelopardalis ..... 0.5 -~-1.64 3.07 30 50.71 +.02
7 TAUTE coeeneieeene e, 10 + .28 1.09 33 1L00 | —.10
| ePersei..c.o.o....ll. ’ 0.9 — .02 1.30 42 32.50 | +.03
| ATauri....ce......o.ol|  E. 1.0 + .46 | —1.02 46 48.25 +.03
Normal equation, 12. 7A¢-40. 613a,,+0. 430%_4‘ 926¢+12. 313=0
Normal equation, 1 4+0.048 +40.035 —0.388 4 0.970=0
Adopted a,=+0°.77 a, =08 73 c=—018
Clock fast 51510 at 8. 80.
{Saint Louis, Mo., December 22, 1884. Observer, Woodward.}
Name of star. Clamp. | Weight. A C 3 v
' h m.- & 5.
50 Cassiope®..ccoeuonnaann. Ww. 0.5 —1.77 +3.22 7 46 31.96 —.24
a Arietis..... . L0 -+ .30 -1.09 53 29.75 —. 06
8 Trianguli 0.9 + .09 121 55 30.50 —.09
0 Arietis...... .. 1.0 4 .85 .06 | 8 04 30.28 +.04
P07 PPN w. 1.0 + .59 +1.00 30 02.50 -.01
e Arietis .o.eeiiiiennnn.. E. 1.0 +4-0.33 —1.07 45 17.90 +.04
pPersei......coaiill. 0.9 + .01 1.28 50 27,97 -+.06
d Arietis....ooooiiiii. 1.0 + .35 1.06 57 41.06 +.26
1.0 + .45 1.02 9 17 05.84 +.07
0.9 — .2 1.48 27 18.33 -+.03
0.7 — .7 2.05 39 53.24 —.10
£ Persei....... . 0.9 + .07 .23 44 00.78 —. 12
yTauri cveeevnvnnennann.. E. 1.0 + .41 —1.04 49 31.39 .00

Normal equation, 11. 8a¢+4-0. 436a,,+0. 866a,—-3. 367¢4-9. 563=0

Normal equation, 1 +0.037 40,073 —0.285 40.811=0

Adopted a,=+0.77 a,=-0.73 c=~0°.18
Clock fast 50° 94 at 8h. 82.

(258)
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TaABLE IIL.—Details of time work—Continued.

[Saint Louis, Mo., December 23,1884, Observer, Pritchett.]

Name of star. Clamp. | Weight. A c t v

h. m. s 8.
& Arietis....... [ E. 3.0 +0.35 | —1.06 8 52 45.57 +.13
o Tauri ceaseen 1.0 + .51 1.01 9 06 17.39 +.12
2 H. Camelopardalis .. 0.8 —~ .71 1.97 07 27.68 —.08
d Persei ...... 0.9 — .23 1.48 22 22,97 —.07
3y Tauri..oc.eeaee. . 1.0 + .28 1.09 28 15.59 .00
9 H. Camelopardalis .. 0.7 — .7 2.05 34 58.06 —11
& Porseieceeececeaciacnann.. 0.9 + .07 Ly 39 05.46 —.13
¥ TAUrL caceeereenssnnreeas| E. 1.0 + .55 | —1.01 44 35.88 L0t
cPersei.c.c.iecicnicannnn. w. 0.9 —0.23 +1.48 47 53.83 +.03
6 TAUM «cvvarnnnencnennn. 1.0 + .38 1.05 10 03 49.27 .00
AU .oeeeieeeeeseennns 1o | +.3 | 108 22 o®63 | —.o08
4 pEridani .ccoeiiieenenenn 1.0 + .67 1.0L 27 12.41 +.35
9 Camelopardalis ......... 0.6 —1.14 2.48 30 07.83 +.05
CAUTIZ®. cane curenannns 1.0 + .12 1.19 36 56.29 —.22
eTaur coviiieenn coainnn w. 1.0 + .32 +1.07 43 38.03 -—.01

Normal equation, 13.8A¢+0.439a,+-0. 899, —1. 400c—T7. 977=0

Normal equation, 1 4+0.032 +0.065 —0.101 —0.578=0

Adopted a,w=+0*. 0 - a,= +0%. 90 c=—0%15
Clock slow 8. 49 at 9". 83,

[Saint Louis, Mo., December 23, 1884, Observer, Woodward.]

Name of star. Clagp. | Weight. A C t v

. h. m. s 8.
a Persei..cccucinnnanns aaen K. 0.9 —0.29 —1.54 9 03 48.59 +.07
STauri cooeeen ciiiiieenn 1.0 + .45 1,02 12 10.28 +.13
5 H. Camelopardalis ..... - 0.5 —1.64 3.07 25 55,27 —. 04
€ POrSei.ceencenerararnnens 0.9 — .02 1.30 37 43.86 +.07
A Tauri . E. 1.0 + .46 | —1.02 41 52.39 —.06
y Tauri ... w, 1.0 +0.41 | 4104 10 00 46:18 —.09
e Tauri -....... vrraeeans 1.0 + .36 1.06 09 24.12 +.01
m Porsel..cciiceiieciiannn. . 0.9 — .10 1.36 12 50.04 +.16
4'Camelopardalis ......... 0.8 — .56 1.81 25 55.16 .28
(35 111 & SR 1.0 + .36 1.06 32 05.05 —,08
#| 5 OrioniS.eeereeerreaennns 1.0 + .59 1.00 35 40.84 —.2
10 Camelopardalis ..... 0.7 — .74 2.02 40 38.71 —.20
¢ Aurig® cueee.. . 0.9 — .05 1.32 41 52,04 +.08
1L OFiOnIS. evreemrnnamannnns . 1.0 + .41 | 10t 45 23.87 —.05

Normal equation, 12. 6a¢t—0. 189a,+1. 029, +4. 343¢—8. 951 =0

Normal equation, 1 —0.015 +0.082 +-0.345 —0.709=0

Adopted a,=+0%.70 a‘=+0’. 90 c=—0°15
Clock slow 8,72 at 10%.09.

(259)
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TaBLE IIL—Details of time work—Continued.

[Albuguerque, N. Mex., July 2,1885. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A C t v

L. m. s 8.
x Virginis..ccoeevvenanna.. E. 1.0 +0.72 —1.02 14 06 55.72 —.02
a Bootis. .. 1.0 4+ .28 1.06 10 3439 +.02
0 BoOtiS.eeeenineninnenann. .8 — .49 1.64 2t 25.40 —.18
7 Bootis, preccececean.... 1.0 + .33 1.05 35 29.05 +.13
(€3 ] U1 S E. .7 — .83 —~1.99 48 40.13 +.22
BLibr® cveceieciiaaiann.. wW. 1.0 +0.70 +1.01 15 10 59.46 —-.12
v Ursee Minoris.......... - .5 —1.98 3.28 "2l 03.28 —.06
a Cor. Borealig.coeeuee.... W. 1.0 + .16 +1.12 29 58.91 +.01

° Normal equation, 7.04t+0. 357a,—0. 1'30aw-—2. 065¢+3.978=0
Normal equation, 1 +0.051 —0.019 —0.295 +0.568=0
Adopted a,,=—0°.48 ,=—0" 35 =408 00

Chronowmeter fast 7. 56 at 14h. 73,

[Albuquerque, N. Mex., July 2, 1885. After signals. Observer, Woodward.]

Name of star. Clamp. ‘Weight. A [ . v v
. h. m. 8 8. )
@& Seorpii. ceceveienieniannns w. 1.0 +0.98 +1.11 16 22 32.68 —. 02
B Herculis ... 1.0 + .25 1.08 25 26.85 +.08
¢ Herculis ... L0 + .07 1.18 37 07.24 +.02
x Ophiuchi. . ..o W 1.0 + .44 4-1.01 52 24,09 +.12
9 Ophiuchi....cocvaaenn.ea.. X. 1.0 +0.80 -41.04 17 03 57.74 —.28
¢ Draconis ..eeeuvicunienn.. .6 —1.25 2.44 05 37.38 —.03
d Herculis «vuvverennnnnnn. E. 1.0 + .19 | —~110 10 28.92 +.09

Normal equation, 6.6at4-1. 740a,,+-0. 240a,10. 776¢ 5. 364=0
Normal equation, 1 +0.264 +9. 036 40,118 40.813=0

Adopted a,=~0%35 a,=—035 ¢=0% 00
' Chronometer fast 7571 at 16b.79.
(260)



WOODWARD.] DETAILS OF TIME WORK. 89

TABLE III.—Details of time work—Continued.

[Albuquerque, N. Mex., July 6, 1885. Before signals, Observer, Woodward.)

Name of star. Clamp. | Weight. A c t v
' h. m. s 8.

' aBootis..ceuiianiiaan.n. w. 1.0 +-0.28 +1.06 14 10 34.03 +.15
6 Bootis.. [ .8 . — .49 1.64 21 25,44 +.04
pBootiS.ccaneninannnannn. 1.0 + .09 1.16 27 01,22 —. 11
m Bootis, Pr ceciceneinnnn. 1.0 4 .33 1.05 35 928.45 +.01

109 Virginis ..ocveecinanen. 1.0 + .54 1.00 40 35.43 —.05
Gr.2164..covvven.n... w. .7 — .83 +1.99 48 39.83 —. 04

B Ursee Minoris.......... E. 0.4 —2,40 —3.77 14 51 10.56 +.20
v Seorpii 1.0 + .95 1.10 57 30.07 —.12
¥ Bootis 1.0 + .15 .13 50 39.94 +.01
8 Libro.... 1.0 + .70 1.01 15 10 58.58 —. 06
1 H. Urse Minoris. ...... ; .6 —1.43 2. 65 13 27.26 —. 08

w Bootis ...e.enn.. .9 — .06 ].‘2(1 20 17.66 | +4.10
BCor. Bor......ccon... I 1.0 + .11 | =115 93 14.922 —.03

Normal equation, 11. 4at4-0.267a,,4-0. 038a,—1. 647c+1. 019=0
Normal equation, 1 40.023  +40.003 ~0.144 +0.089=0
Adopted a,=0°00 @,=0%00 c=—0%12

Chronometer fast 711 at 14h 84,

{Albuquerque, N. Mex., July 6, 1885. After signals. Observer. Woodward.)

Name of star. Clamp. | Weight. A c t v

h, m. s s.
e Ophiuchi ...onnaaees ieas E. 1.0 +0. 64 -1.00 16 12 23.88 —.06
7 Herculis.voeeeeeannnn.... .9 - .29 1.45 16 26.23 +.08

%# Draconis. . 7 — .95 2.11 22 35,22 —.24

8 Hercalis . .. . 1.0 4 .25 1.08 25 25.08 - 01
A Draconis... - .6 —1.66 2.79 28 22,08 +.27
¢ Ophiuchi veuvueenninnnnn, E. ].Q -+ .72 ~1.02 30 59.48 —. 03
nHerenlis.coceneennnnn... w. 0.9 -0.09 | +1.29 16 39 06.85 +.09
GT. 2377 ceeveeeenannnnn. .8 —~ .68 1.84 43 16.62 )
49 Hereul 8. ceceenecencannn. 1.0 + .35 1.04 47 00.48 4-.03
x Ophiuchi ceeemvveeon.nn. 1.0 + .44 1.01 52 23.31 +.04
e Herculis . . 1.0 + .08 1.17 56 02.87 | —.14
e Ursee Minoris ..eoeue.... w. .1 -5.41 +17.38 57 58.85 +. 04

Normal equation, 10.04¢—0. 2524, —0. 296a,,—0. 965¢+0. 913=0
Normal equation, 1 —0.025 —0.030 —0.096 +0.091=0
Adopted a,,=0°00 T a,=000 c=—0%08

Chronometer fast 79,10 at 16 58.

(261)
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TABLE III.—Details of time work—Continued

[Albuquerque;, N. Mex., July 7, 1885. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A C t v

h. m. 8. 8.
 Bootis E. 1.0 +40.28 | —1.06 14 10 33.57 +.20
A Bootis -.. . .9 — .29 1.46 12 08.79 +.01
6 Bootis .8 — .49 1.64 21 24.82 —.15
¥ BOOHS «evieennnannnns A .9 — .08 1.28 27 35.26 | +.13
e VALEINiS «emvrennnnn.nn. . 1.0 + .65 1.00' 37 08.80 | —.08
109 Virginis ..... ceeeeans E. 1.0 + .54 | —1.00 40 34.77 —.12
Gr. 2164 ceneenrennnannn. w. 0.7 —0.83 | +1.99 14 48 29.57 +.04
¥ SCOrPii.nrnnnranrnnnnnn. 1.0 + .95 1.10 57 30.07 —.10
BLIF®.eueemceerannnnn ' 1.0 + .70 10! 15 10 58.49. | —.11
1 H. Urs Minoris. ...... .6 ~1.43 2,65 13 27.59 —.01

¢ Draconis ..eveeerennnnn. . .8 — .81 1,96 23 30.95 +.06

v BOOHS. ceeeaneannrnnnes w. .9 — .14 | 4133 26 56,98 +.18

Normal equation, 10. 6A£4-0. 745a ,—0.5634,,41.020¢—1.877=0

Normal equation, 1 40.070 —0.053 +0.095 —0.130=0

Adopted a,=0%00 a,=-+0.28 c=-0° 08
Chronometer fast 62, 88 at 144, 77.

[Albuquerque, N. Mex., July 7,1885. After signals. Observer, Woodward.]
/

Name of star. Clamp. | Weight. 4 C t v

: . h. m. s 8.
€ Ophiuchi cevvrvvennnnn... w. 1.0 +0.64 +1.00 16 1z 23.8 .00
7 Herculis......caveeniaans .9 - .29 1.45 16 26.09 —. 01
n Draconis. ..... ceeemeenean .7 — .9 2.11 22 35.06 —.39
B Herculis.....covammunnne. 1.0 . + .25 1.08 25 26.04 | +.15
A Draconis ceeevvneaennnen. .6 —1.56 2,79 28 22,00 | .14
S Ophinchiceanre cansenenns w. 1.0 +.72 | 4102 30 59.53 +.12
n Herculis..curuceaeiaann. E. 0.9 —0.09 | —L29 16 39 06.49 +.05
GE. 2377 oiiiiiinninnnan. .8 - .68 1.8 43 16.24 .00
49 Herculis........... . 1.0 + .35 104 47 '00.13 —. 03
x Ophinchi 1.0 + .44 1.01 52 22.90 —. 07
e Herculis..cceaeeaeaaoan. 1.0 + .08 117 56 02.65 —. 06
¢ Urs® Minoris ........... E. .1 —5.41 -17.38 57 68.00 +.19

Normal equation, 10, 0A¢—0. 252a,, 0. 2'96%-}-0. 965¢+4-9.122=0

Normal equation, 1 —0.025 —0.030 +0.096 4+0.912=0
' Adopted a@,=000 a,=0°00 c=—0%04

Chronometer fast 62 91 a"t 16G*. 58. L
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WOODWARD.) DETAILS OF TIME WORK, 91

TABLE 1II.—Details of time work—Continued,

[Albuquerque, N. Mex., July 8, 1885, Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A C t v
h., m. 8. 8.
w Bootis, Pr.............. w. 1.0 +-0.33 +1.05 14 35 27.63 .00
109 Virginis ...coeveeen.o. 1.0 + .54 1.00 40 34.70 .00
aLibrae .cecevnaenann. ... 1.0 + .80 1.04 44 40.11 +.09
g Urs® Minoris.......... w. 4 —2.40 +3.77 51 09.65 —.30
y Scorpii..... R, E. 1.0 +0.95 —1.10 14 57 29.51 +.02
o ¢ BoObtiS «.ocieecennannan 1.0 + .15 113 59 39.08 —. 09
a Cor.BOT +ocevenccnnnn-. E. 1.0 + .16 —1.12 15 29 57.51 +.08

" L]
Normal equation, 6.4At--0.710a, +1.260a, 1. 248¢+2. 344 =0
Normal equation, 1 +-0. p]. 4-0.197 4-0.195 40.366=0
Adopted a,=-0.10 ©oa,==010 ©oe=—0v10

Chronometer fast 6, 32 at 145, 91.

_ |Albuquerque, N. Mex., July 8, 1885. After signals. Obscrver, Woodward.]

Name of star. Clamp. | Weight. A (4] t v

. h. m. s 8.

7 Herculis.cevee cenvunnnn.. E. 0.9 —0.29 —1.45 16 16 25.40 +.04
« Ophiuchi veeereeecan..e. 1.0 + .44 1.01 *H2 22.21 —. 10
e Herculis ... ceeeaa.n. 1.0 + .08 1.17 56 02.00 —. 06
n Ophiuchi .......... veeen|  E. 1.0 4+ .80 | —1.04 17 03 56.35 +.14
¢ Draconis..cecvevceenennn- Ww. 0.8 —1.25 +2.44 17 08 36.70 +. 02
§ Herculis ... 1.0 + .19 1.10 10 27.37 —. 0L
0 Ophiuchi ceveeeveenennnn. 1.0 + .95 1.10 15 06.41 +.05
B Draconis ...... veescecsas .8 — .49 1.64 27 59.20 —. 02
e Ophinchi eeevevoannen... 1.0 + .39 1.03 20 44,71 —. 09
¢ Serpentis .eveetiinennnnn. w. 1.0 + .80 +1.04 31 09.47 +.02

Normal equation, 9.3at4-1. 059a,+1.188a, +2. 521¢42.715=0

Normal equation, 1 +0.114  40.128 4-0.271 +0.202=0

Adopted @,=+018 a,=+0%10 ¢=—0% 06
Chronometer fast 6% 31 at 170, 11.
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92 ‘ LATITUDES AND LONGITUDES. [BULL. 49,

TABLE III.—Details of time work—Continued.

[Albuquerque, N. Mex., July 14, 1885. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A c t v

- h. m. 8. 8.
B Urs®e Minoris............ E. 0.4 —2.40 ~3.77 14 51 07.89 -.39
B Bootis . .9 - .13 1.32 57 42.48 +.05
7R £ 171 7 1 .9 — .06 1.26 15 20 14.65 +.19
B COL.BOT vevanennrnnnsnnt E. 10 +.11 | -115 23 1106 | .01
aCor.Bor .cavavennnnnnn.. W. 1.0 +40.16 +1.12 15 29 54.94 —.0t
a Serpentis 1.0 + .48 1.01 38 42.2% +.03
x Serpentis.ccceenennnn. .. 1.0 + .30 1.05 43 39.77 +.03
¢ Ursae Minoris..... I - .3 -3.32 4.87 48 17.52 +.09
eCor.Bor..couucieenaannn. Ww. 1.0 + .15 +1.12 52 55.37 -.14

Normal equation, 7. 5at—1. 021a 0. 094, +-0. 781¢—0. 059=0

Normal equation,1  —0.136 +0.013 --0.104 —0.008=0

Adopted ;=051 a,=+0%51 c=+40% 02
Chronometer fase 3493 at 15% 48.

[Albuquerque, N. Mex., July 14, 1885. After signals. Observer, Woodward.)
i

- )
Name of star. Clamp. | Weight. 4 c t I ]
° h. m. s Yo,
¢ Ophiuchi....... SR, W. 1.0 +0.64 +1.00 16 12 20.33 —. 06
7 Herculis - ccoovennnnenn. .9 - .29 1.45 16 23.14 +.10
7 Draconis . .ceceeena..o.. .7 — .9 2.11 22 32,39 — 21
8 Herculis . 1.0 + .25 1.08 25 22.66 .00
¢ Ophiuchi............... w. 1.0 + .72 +1.02 30 56.03 +.05
Gr.2377 ceenercnneannsn. E. .8 —0.68 —1.84 16 43 13.38 |- —.08
x Ophiuchi...cc.conannn. Lo + .44 1.01 52 19.67 —. 08
€ Ursee Minoris ..ea...... .1 —5.41 7.38 57 56.93 +.07 |
n Ophiughi..ceoeeooonus. 1.0 + .80 1.04 17 03 53.42 - 11
¢ Draconis ........... .- .6 —1.25 2.44 08 34,43 +.13
8 Herculis «.ovevnennennn. E. 1.0 + .19 —1.10 10 25.05 +.25

Normal equation, 9. 14¢4-0. 684a,,—0. 405a, —0. 942¢ 4-7. 978=0
Normal equation, 1 +0.075 —0.044 —0.104 4-0.877=0
Adopted a, =40 47 a,=+0.47 ¢=0%00

Chronometer fast 3'. 89 at 16%. 67.
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TaBLE III.—Dctails of time work—Continued.

{Albuquerque, N. Mex., July 15, 1885. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A c t )

h. m. s 8.
BLibr®......... [P W. 1.0 +0.70 +1.01 15 10 55.44 +.04
« Draconis..... PP [P .8 -~ .81 1.96 22 21.17 +.07
viBootis. . .9 - .14 1.33 26 53.31 —.02
aCor. Boteeieenienennnen. w. 1.0 + .16 +1.12 29 54.86 +.01
B Serpentis.... .......... E. 1.0 +0.34 —1.04 15 40 59.11 +.12
+ 6 Draconis .8 — .18 1.93 59 49.82 -.03
¢Ophiuchi . 1.0 + .62 1.00 16 08 25.77 —.04
e Ophiuehi ............... E. 1.0 + .64 +1.00 12 20.80 —.11

Normal equation, 7.54¢--0. 086a,,-0. 976ae+_0. 311e+-6.523=0

Normal equation, 1 +0.012 +0.130 --0.041 +0.870=0

Adopted a,=—0.14 a=-0.14 c=-+0412
Chronometer fast 3% 85 at 15b. G9.

[Albuquerque, N. Mex., July 15, 1835. Aftersigna.s. Observer, Woodward. }

Name of star. Clamp. [ Weight. 4 [ t v
R h, m. a 8.
7 Heveulis .... E. 0.9 —0.29 —1.45 16 16 22.81 —.01
7 Draconis........ .7 — .9 %1 2 3197 00
B8 Herculis 1.0 + .25 1.08 25 22.72 —. 07
A Draconis E. .6 —1.56 —2.79 28 18.28 +.11
7 HerculiS vevveeveenannen. w. 0.9 —0.09 +1.29 16 39 03.23 +.10
Gr. 2377... . .8 — .68 1.84 43 12.57 —.13
« Ophiuchi........ 1.0 + .44 1.01 52 19.77 —. 08
eHerculis .oocoviaeanannn. w. 1.0 + .08 +1.17 55 59.54 +.09
’ Normal equation, 6. 9at—1. 612a,~0.105@, —0. 723¢+ 4. 983=0
Normal equation, 1 —0.23¢ ~0.015 —0.105 4-0.722=0
Adopted a,=-—0%21 a,=—0.21 c=+4008

Chronometer fast 3, 77 at 16b. 60.
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94 LATITUDES AND LONGITUDES.

TABLE III—Details of time work—Continued.

[Albuquerque, N. Mex., July 19, 1885. Before signals. Observer, Woodward.]

{BULL. 49.

Name of star. Clamp. | Weight. A g ® t v
. k., m. 8. 8.
a Libre .ccoieiiiiinna... W. 1.0 +0. 80 +1.04 14 44 35.88 ~.03
B Urse Minoris............ .4 ~2.40° 3.77 51 04.27 —.05
2y Scorpil ceevciieranenanen. 1.0 + .95 1.10 57 25.66 +.08
B Libr® ..coeeuniano.... ‘10 + .70 1.01 15 100 53.98 —-.07
y Urse Minoris............ .5 ~1.98 3.28 20 57.34 —.15
B COor.BOT «cvcererennnnann. w. 1.0 + .11 +1.15 23 09.72. +.16
a Cor. Bor ..coecnunnnn.... E. 1.0 +0.16 | ~1.12 15 29 53.08 -.05
a Serpentis ...e.eeeen. R 1.0 + .48 1.01 .38 41.40 —.05
x Serpentis ...cceeeenna.... 1.0 + .30 1.05 43 38.83 —.06
¢ Serpentis «ooeeeeonenao.. | 1.0 + .51 1.00 45 10.33 +.03
¢ Urs® Minoris............ .3 ~3.32 4.87 48 15.13 +.07
¢ Cor. BOT v cvnnnnnnnnnn. 1.0 + .15 1.12 52 54.58 -.01
8 Draconis. .... aveeeianae. E. .8 ~ .78 ~1.93 59 48,97 +.11
Normal equation, 11.0A¢+4-0. 610a,,—0. 020a,—0. 857¢ 4 18,927=0
Normal equation, 1 +0.055 —~0,002 —0.078 + 1.725=0
Adopted @, =—0°.07 a,=—0.07 c=+0%.23
Cbronometer fast 2. 70 at 154, 45.
’
[Albnquerque, N. Mex., July 19, 1884. After signals. Observer, Woodward.}
Name of star. Clamp. | Weight. A (4] t »
. h. m. s. 8.
n Draconis ..ceenvennn..... E. 0.7 —0.95 -2.11 16 22 3107 -—. 20
8 Herculis ...... PO 1.0 + .26 1.08 25 21.88 +.12
A DraconiS...ceeeeeennenn.. .6 —1.56 2,79 28 17.78 +.13
¢ Ophiuchi ..... eemeonnsean E. 1.0 + .72 —1.02 30 55.17 —.13
n Herculis vuvuveneaennnnnn. w. 09 —0.09 +1.29 16 39 02.08 +.28
Gr. 2377 eciaacncnnn. . .8 — .68 1.84 43 1121 | —.17
x Ophitchi eeeeevarennnnn. 1.0 + .44 1.01 52 18.47 —. 02
e Herculis onevenenean..... w. 1.0 + .08 | +1.17 55 58.11 —.03
* Normal equation, 7.0at-0. 631a,—0. 105a,,—0. 438¢+-4. 785=0
Normal equation, 1 —0.090 —=0.015 —0.062 -0.684=0
Adopted a,,=0.00 =000 c=+02.23

Chronometer fast 2+. 67 at 16°. 63,
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WOODWARD.] DETAILS OF TIME WORK. 95

! TABLE III—Details of time work—Continued.

[Saint Louis, Mo., July 2, 1885, Before signals. Observer, Pritchett.]

Name of star. Clamp. | Weight. A I t v
h. m. s 8.
3070 0 1) SN E. 1.0 +4-0.19 —1.15 8 39 01.71 —. 04
v! Bootis... cesnee 1.0 — .00 1.33 42 43.48 -.11
@ COT. BOTeuereevnvaneoonnns 1.0 + .22 1.12 45 44.62 +.03
B Serpentis 1.0 + .40 1,04 56 46.77 +.09
« Serpentis.. . 1.0 + .36 1.05 59 27.29 +.05
¢ Ursm Minoris...... cee... E. .7 —3.10 —4,87 9 04 01.47 .00
€ Cor.BOT.cceenvnnnnnnnnnnn WL 1.0 +0.22 +1.12 9 08 41.84 —. 04
Gr. 2320, 0eecennn.... . .9 —1.32 2.68 21 50.45 +.09
o Cor. Bor..... ceeserenaaas 1.0 + .09 1.21 26 11.76 +.06
19 Urse Minoris............ .8 —2.55 4.18 29 55.38 - 15
y Herculis . ‘1.0 + .35 1.08 32 39,43 +.03
B HercaliS.oceevereeannnen. 1.0 + .81 1,08 40 03.83 +.06
o Horculis ...ceeueenee ceee | WL 1.0 — .10 | 4136 | 46 09.85 | —.09
. Normal equation, 12.4at—1. 060a,~2. 358a, 4 2. 478¢+-20. 686=0
‘ Normal equation, 1 —0,085 —0.190  +0,201 4 2,152=:0
Adopted @, =—036 a,=—0428 c=—023 "

Clock fast 1™ 04°, 20 at 9%, 19.

|Saint Louis, Mo., July 2, 1885. After signals. Observer, Pritchett.]

Name of star. Clamp. | Weight. A o t , »

h. m. & 8
x Ophiuchi..... neeemeaaas w. 1.0 +0.49 +1.01 10 07 56.47 — 13
e Herculis .cevneeoinaann.. 1.0 + .15 1.17 11 35.60 +.07
d Herculis ..... PO 1.0 + .10 1.20 13 03.64 +.07
¢ Draconis ..... esemaecinan .9 —-1.12 2.44 24 07.41 +.03
6 Herculif.ouneur covnennnn. w. 1.0 +.26 | +1.10 25 58.48 [ .01
a Ophiuehi..oaeoaaaiol. E. 1.0 +0 45 —1,02 10 45 12.47 .00
v Herculis cocvavvanannann. 1.0 — .19 1.44 51 48.41 +.03
# Herculis ..oeennanaaaa.. 1.0 + .21 1.13 57 32.00 +.01
6 Herculis .cvveevectvmenn. 1.0 + .03 1.26 11 07 51.32 .06
35 Draconis..ceeeicuneannn.. .8 —2.75 4,44 10 08.28 —. 05
72 Ophinchi..eeieeinnnannnn. E. 1.0 + .49 —1.01 17 25.30 —.06

Normal equation, 10. 74¢—0. 008x,,—1. 2104, —2. 736c+-23. 181=0

Normal equation, 1 —0.001 —0.113 --0.256 4 2.166=0

Adopted a,=—0.50 a,=—0%42 e=—016
Clock fast 1™ 042 25 at 100, 68,
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96 LATITUDES AND LONGITUDES. [BULL. 40.
TABLE III—Details of time work—Continued.
[Saint Louis, Mo., July 6, 1885. Before signals. Observer, Pritchett.}

Name of star. Clamyp. | Weight. A c t v

h‘. m. 8. 8.
BCOr.Bor..cuceeiaennnnn.. L. ) 1.0 +0.19 —1.15 8 28 22.44 +.09
v! Bootis.... 1.0 -~ .06 1.33 27 04.10 —.06
aCor.Bor.....cocaeean.... 1.0 + .22 1.12 30 05.34 —. 04
B Serpentis .....ce.onn... 1.0 + .40 1.04 41 07.40 —.04
« Serpentis .. 1.0 + .36 1.05 .3 47.87 +.01
¢ Urse Minoris........:.. I, N --3.10 —4. 87 48 21,57 —. 01
€Cor.BOr.cccvuninmannnnn. w. 1.0 +0.22 4112 8 53 02.47 --.13
o Cor. Bor....... tecsanenns 1.0 + .09 1.21 -9 10 32.41 +.16
19 Ursee Minoris........... .8 —32.55 4.18 14 15.65 .00
y Herculis «ovunnnennnnn ' Lo | 4 .35 1.06 17 00.01 +.02
B Herculis . . 1.0 + .31 1.08 25 24.40 +.01
o Herculi$ ceecveniennannn. W. 1.0 — .10 +1.36 30 30.39 —. 08

Normal equation, 11. 5at—1. 0600, —1.170a,,+0. 075¢+-27. 231 =0
Normal equation, 1 —0.092 —0.102 40,007 + 2.368=0 .
Adopted @,=—0%42 a,=—038 c=—0%21
Clock fast 1 08+, 45 at 8, 03,
{Saint Louis, Mo., July 6, 1885. After signals. Observer, Pritchett.}

Name of star. Clamp. | Weight. 4 c t v

h. m. s 8.
x Ophiuchi....veceeuemeene wW. 1.0 +-0.49 41,01 9 62 17.29 .00
¢ Herculis ..... cememeenean 1.0 + .15 1.17 55 56.32 +.0L
d Herculis...... Ceeenecenes 1.0 + .10 1.20 57 24.29 +.01
¢ Draconis «.coeeeennean... .9 -1.12 2.44 10 08 28.10 +.01
8 Hercplis. .ooennnuaniaoan w. 1.0 ° 4 .26 +1.10 10 19.18 .00
o Ophiuchi .... E. 1.0 +0.45 | -1.02 10 29 33.17 +.04
« Herculis . 1.0 - .19 1.44 36 08.98 —. 03
p Herculis. ..... PR, veman 1.0 + .21~ 1.13 41 52.57 - 07
¢ Draconis .. .9, —1.81 3.27 43 53.45 -.03
6 Herculis. .. 1.0 4+ .03 1.26 T 52 11.97 +.07
35 Draconis...... .8 —2.75 4.44 54 28.76 —. 04
72 Ophiuehi..ccoeaeeennn... E. 1.0 + .49 —-1.01 11 01 46.02 +.02

Normal equation, 11. 64¢~0. 008a,,—2. 839a,—5. 679¢+27. 780=0

Normal equation, 1 —0.001 ~—0,245 —0.490 4 2.395=0

Adopted 0,,=-0¢.41 a,=—0% 40 c=~0%20
Clock fast 1m 08 59 at 100, 13.
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DETAILS OF TIME WORK.

9

WOODWARD.]
TABLE III—Details of time work—Continued.
{Saint Louis, Mo., July 7, 1885. Before signals. Observer, Pritchett.}
Name of star. Clamp. | Weight. 4 g t v
h. m. 8. 8.
B Cor. Bor...... E. 1.0 +0.19 —1.15 8 19 27.42 —_ U3
v! Bootis... 10 — .06 1.33 23 09.23 —. 03
a Cor. Bor... 1.0 + .22 1.12 26 10.37 +.08
B Serpeutis .. cens 1.0 + .40 1.04 37 12.46 +.03
k Serpentis ...cevieemea-nn. ) 1.0 + .36 1.05 39 52.95 —. 03
¢ Urs®e Minoris ..coeoeee-.. E. .7 —3.10 | .—4.87 44 26.57 +.01
« Cor. Bor w. 10 | 4022 | +L12 | 849 0748 | —.15
o Cor. Bor.. 1.0 + .09 1.21 9 06 37.50 | .10
19 Ursee Minoris «-eceneeeee .8 —2.55 4.18 © 10 20.5¢ | .02
yHerculis «.cveenneennannn. 1.0 + .35 1.06 13 05.14 —.02
B Herculis ..cevvevvenun.nn. 1.0 + .81 1.08 21 20.54 +.02
o HerculiS..eeeeeeeecoecan| WL - 1.0 —.10 | 4136 26 35.61 +.02
Normal equation, 11. 54¢—1.060a,~1. 170a,,+-0. 075¢+-27. 622=0
Normal equation, 1  —0.082 —0,102 +0.007 +2.402=0
Adopted a,=—0.51 a,=—0.37 c=—0% 22
Clock fast 1m 09°. 49 at 8. 87.
[Saint Louis, Mo., July 7,1885. After signals. Observer, Pritchett.]
Name'of star. Clamp. | Weight. A (4] t v
. ’ h. m. s. 8.
« Ophiuchi..... Ww. 1.0 +0.49 +1.01 948 22,31 [+ —,05
e« Herculis ... 1.0 4 .15 1.17 - 52 01.29 —.05
d Herculis 1.0 + .10 1.20 53 29.39 +.07
$ Draconis .9 -1.12 2.44 10 .04 '33.01 +.04
& Herculis Ww. 1.0 + .26 +1.10 06 24.19 —.04
« Ophiachi... E. 1.0 | +40.45 —1.02 10 25 38.15 —.07
« Herculis ... . 1.0 — .19 1.4 32 13.97°| —12
w Herculis ... . 1.0 + .21 1.13 37 57.68 —.04
¥ Draconis ... .9 —1.81 3.27 39 58.65 +.08
0 Herculis . . 1.0 + .03 1.26 48 17.07 +.08
35 Draconis .cceveveacann-.. .8 —2.75 4.44 © 50 33.84 —01
72 Ophiuchi.ccenecennen oo E. 1.0 + .49 ~1.01 57 51.18 +.08

Normal equation, 11, 6a£—0. 008a,,— 2. 838a,—5. 679¢4-27. 216 =0
Normal equation, 1  —0.001 —0.245 —0.490 4 2.348=0

-.Adopted a,==0.56 a,=—0.43 cenm(2,17

Clock fast 1= 09s, 54 at 10b, 38.
(269)
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98 LATITUDES AND LONGITUDES. {BULL. 49,

TABLE III—Details of time work—Continued.

[Saint Louis, Mo., July 8, 1885. Before signals. Observer, Pritchett.]

Name of star. Clamp. | Weight. | 4 [} ot v
- -,

: . h. m. 8. 8.
BCor.Bor-cecuererecannnn. E. 1.0 40.19 | —1.15 8 15 32.47 —. 04
¥ BOOtS.encmnnraaaraannans 1.0 — .06 1.33 19 14.23 —.04
6 COr.BOT..uceeeannnannnn. 1.0 + .22 1.12 22 15.36 - 01
8 Serpentis ....e.eu.ene... 1.0 + .40 Lo4’ 33 17.54 | .06
1.¢ + .36 1.05 35 58.02 --.02
E. 7 —3.10 | —4.87 40 31.23 —.04
€ COr.BOTuuuueennnnnn.... w. 1.0 4+0.22 | +1.12 8 45 12.50 —.05
@ Cor. Bor. .. 1.0 + .09 .21 1 9 02 42.39 +.08
19 Urs® Minoris. .8 —2.55 4.18 06 25.13 |© —.02
y Herculis ... 1.0 + .85 1.06 09 10.09 —.01
B Herculis -eeueuueeeenn... 1.0 + .31 1.08 17 24,54 +.06
o Horculis «cecvernnnnann.. w. 1.0 — .10 | 4136 . 22 40.48 —.02

Normal equation, 11. 5A¢--1.060a,—1. 170a,,+0. 075¢-+37. 645=0
Normal equation, 1 —0.092 —0.102 ~0.007 + 3.273=0
Adopted a,=-0056 a,=~0%.51 " e=~017

Clock fast 17 105,38 at 8b.80,

(Saint Louis, Mo., July 8, 1885. After signals. Observer, Pritchett.]

Name of star. Clamp. | Weight. A [ t ) v

: h., m. 8 8.
x Ophiuchi Ww. . 1.0 +0.49 +41.01 9 44 27.49 —. 01
e Herculis 1.0 + .15 1.17 48 06.39 —. 02
d Herculis 1.0 + .10 1. 20 49 -34.42 +.04
¢ Draconis ..... ceeerenoens .9 —1.12 2,44 16 00 37.77 —.07
8 Herculis ecevuvvenennne. w. 1.0 + .26 +1.10 02 29.34 +.02
a Ophiuchi...cveueanaann.. E. . L0 +0.45 —1.02 10 21 43.34 +.02
¢ Heroulis «.evuennanens - 10 —.19 1.4 28 19.03 | —.02
w Herculis ..ccuvenennnnn.. 1.0 + .21 1.13 34 02.70 —.08
Y Draconis . .c.ceccaneaannn .9 ~1.81 3.27 36 03.23 +.11°
0 Horcnlis «eeveees-e- e .. Lo + .03 1.26 44 23056 | +.05
35 Draconis ..ecaveencncnnns .8 —2.75 4.44 46 38.25 —. 04
72 Ophiuchi.cevveunnean.... E. 1.0 + .49 -1.01 53 56.27 +.04

Normal equation, 11.64t—0. 008¢,,—2. 839a,~5. 679¢-37. 664=0
Normal equation, 1 —0.001 —0.245 —0.490 - 3.247=0
Adopted a,=—0%.73 a,=—0°63 , °= —0%19

Clock fast 1™ 102, 49 at 10, 31. -
(270) .
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TABLE III—Details of time work—Continued.
[Saint Louis, Mo., July 14, 1885. Before signals. Observer, Pritchett.]

99

Name of star. yClamp. | Weight. A qg t v
. h. m. s. 8.
BSerpentis ceceeecoovennan w. 1.0 +0.40 +1.04 8 09 49.23 —. 02
¢ Urse Minoris .......ee.. ' .7 -3.10 4,87 17 03.29 +.04
e¢Cor. BOT.ucacearcnnannen. 1.0 + .22 1.12 21 43.90 +.02
yHercaulis .. 1.0 + .35 1.06 45 41.70 +.24
» Draconis .. 1.0 — .83 2.11 51 14.83 —. 24
BHerculis .. 1.0 + .31 1.08 58 05.75 —. 06
o Herculis w. 10 — .10 +1.36 59 11.81 +.03
nHerculls cecveereeerann.. E. 1.0 ~0.01 —1.29 9 07 43.69 +.05
x Ophiuchi .weceerenreannn. 1.0 + .49 1.01 20 58.36 —. 03
eHerculis «ovovevemnnnnnn- 1.0 + .15 117 24 37.35 | —.01
e Ursm Minoris .cueeeeeee. .6 —5.09 7.38 26 27.76 +.06
aHerculis ....cevncennanen E. 1.0 + .42 —1.03 38 06.26 -—. 04
Normal eqqation, 11.34¢—1. 8200, —2. 004a,4-2. 251c+-46. 174=0
Normal equation, 1  —0.161 —0.177 -+0.199 + 4.086=0
Adopted a,,=—0~65 a,=~—0°60 c=-—0 14
Clock fast 1= 17+, 27 at 8, 85,
{Saint Louis, Mo., July 14, 1885. After signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A o t )
! b m. s 8.
a Ophiuchi........ ceeanae E. 1.0 +0.45 ~1.02 9 58 14.69 +.09
1.0 - .19 1.4 10 04 50.48 -.01
1.0 + .21 1.13 10 34.08 -.05
E. 1.0 — .36 —1.61 22 30.68 +.05
Ww. 1.0 0.00 +1.28 11 01 31.43 - 14
, 1.0 + .33 1.07 i 09 10.66 +.10
BLY® <eveunenn ORI 1.0 +.11 1.19 14 16.88 —.04
1.0 — .69 1.96 17 56,55 +.08
1.0 + .13 1.19 23 03.99 +. 04
$ AQUil.eecencasacnanenns W. 1.0 + .43 +1.03 28 32.13 —.11

Normal‘equ&tion, 10. 0a¢+-0. 110¢_4-0. 310a,,+ 2. 520c+4. 670=0
Normal equation, 1 *° 40,011 +0.031 40,252 0. 467=0

Adopted a,=-0.75 a,=~0°32 c=-0%19
Clock fast 1= 17=. 39 at 10b, 82,
(1)



100 LATITUDES AND LONGITUDES. (BULL.49,
TABLE III—Details of time work—UContinued.
[Saint Louis, Mo., July 15, 1885. Before signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A [ t v
h. m. s. 8.
x Serpentis .cceeeuiaann ... w. ‘1.0 +0.36 +1.05 p 8 08 34.90 —. 04
¢ Ursse Minoris....ceceue.. i —3.10 | 4.87 13 08.58 +. 04
€Cor.BOr..cueer cuunnnnnn 1.0 + .22 1.12 17 49.05 .00
oCor.Bor...o.covuecuean.. w. 1.0 + .09 +1.21 35 18.84 +.06
19 Urse® Minoris.....cu..... E 0.8 —2.55 ~—4,18 8 38 00.17 .00
i 1.0 + .35 1.06 41 46.26 +.02
B Herculi8 ..ccuanueneannn. 1.0 + .31 1.08 50 10.64 +.03
o HerculiS ..eecauvecennnn.. 10 — .10 1.36 55 16.51 —. 05
nHerculiSe.evueeanennnn.. 1!7 1.0 — .01 —1.29 9 03 48.79 —.01
Normal equation, 8. 54t—1.500a,,—1. 490a,—1. 345¢+18. 015=0
Normal equation, 1 —0.176 —0.176 —0.158 4 2.119=0
Adopted a,,=—0°63 a,=—0°.47 c=-0315
) Clock fast 1 18, 33 at 8", 50.
[Saint Louis, Mo., July 15, 1885. Aftersignals. Observer, Pritchett.]
Name of star. Claﬁ:p. Weight. A g t v
k.. m. s 8.
e Urs® Minoris......ec... E. 0.6 —b5.09 —17.38 9 22 32.85 +.02
a Hercu_lis ......... . 1.0 + .42 1.03 34 11.49 +.02
7 Herculis ........... . 1.0 + .04 1.25 35 49.08 +.01
a Ophiuchi....... 1.0 + .45 102 54 19.79 —. 04
« Herculis «cevnennn. teennn E. 1.0 — .19 | —1.4 10 00 55.60 +.03
# Herculi8 cocveeeneneannn. Ww. - 1.0 +0.21 +1.13 10 06 39.61 —. 09
¥ Draconis. .9 —1.81 3.27 08 40.60 -—.03
6 Herculis ....... - 1.0 + .03 ° 1.26 16 59.03 +.07
72 OphiUChi.esvereeseeeens L0 | 4+.49 | ro01 2% 3316 | +.02
o Herculi8 .oevvevnc.cnenn.| W, 1.0 +.20 | +L14 27 42.23 .00 .

Normal equation, 9.5A¢—2.334¢,—0.699a,,—1.685¢+-39.781=0
Normal equation, 1 —0.246 —0.074 —0.177 + 4.188=0

Adopted a,=—0463 a,=—00.56 =017
Clock fast 1™ 18:.40 at 10%.00.

©@12) -
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o
TABLE III—Details of time work—Continued.

[Baint Louis, Mo., July 19, 1885. Before signals. Observer, Pritchett.]

101

Name of star. Clamp. | Weight. A o t by
h, m. 8
B Serpentis .....-.... - E. 1.0 0. 40 —1.04 7 50 14.82 +.03
x Serpentis ..oveeieinnnan 1.0 4 .36 1.05 52 55.22 —.10
¢ Urs® Minoris ........... 7 —3.10 4,87 57 27.63 +. 03
€ Cor.Bor..cuocuivaeranna, 1.0 -} .22 1.12 8 02 09.35 —. 05
oCor.Bor............ E 1.0 -+ .08 —1.21 19 39.30 +.17
19 Urss Minoris .... . W. 0.8 —2. 55 +4.18 8 23 21.4 -+.09
y Herculis .cacunnnn . - L0 + .35 1.08 26 07.24 —. 07
8 Herculi8 .cvanuean.- - s Lo .31 1.08 3¢ 31.67 +.01
o Herculis ......... . 1.0 —.10 1.36 39 37.52 —. 09
7 Herculis ....... - 1.0 — .01 1.29 48 09.67 —.16
49 Herculis .eveeeeenaecnnns 1.0 + .41 104 56 02.68 +.13
« Ophiuchi.......... ceeaes W. L0 + .49 | +Lo01 9 01 24.58 | +.03
Normal equation, 11. 54t —1. 100¢,—0. 590, +2. 355¢+-30. 559=0
Normal equation, 1 —0.096 —0.051 +40.205+ 2.657=0
Adopted qw=—0'. 62 a,=—0°59 e=—013
Clock fast 1= 225,72 at 8h.41.
[Saint Louis, Mo., July 19, 1885. After signals. Observer, Pritchett.] .
- .
Name of star. Clamp. | Weight. A .0 t v
h. m. 8. 8.
¢ Urse Minoris.......... W. 0.6 —5.09 +7.38 9 06 55.22 +.04
a Ophiuchi...ceceveuennn. 10 + .45 1.02 38 40.91 +.16
« Herculi8 ..coemeenn..... 1.0 — .19, | 1.44 45 16.51 — 07
8 Ophinchi. ..ccceee...... 1.0 + .56 1.00 46 51.35 +.07
# Herculig ..cceeenn.. ... . 1.0 + .21 1.13 51 00.26 —.18
6 Herculi8 ..ecuuennnn.... w. 1.0 + .03 +1.26 | 10 01 19.55 +.03
109 Herculi8 «.ceuuveennnn.. E. 1.0 + .31 | ~108 10 27 44.62 +.03
x Draconis............... .9 —1.88 3.36 32 03.03 -~ 18
110 Herculis ............... L0 + . 33 1.07 49 35.99 +.02
BLYI® ..covviannnnnnn. Lo + .11 119 54 42.31 .00
RLYr® cccvveecnnncnnnn.. E. 1.0 —.12 | —1.39 11 00 41.43 +.08

Normal equation, 10, 5a¢—1. 994a, —1. 062a,—2. 524c+-26. 912=0
Normal equation, 1 ~ —0.190 —0.101 —0.240° 4 2.563=0
Adopted a,,=—0°. 53 a,=—0° 62 =011

Clock fast 1= 220, 70 at 10b, 21.

(213)




102 LATITUDES AND LONGITUDES.

{BULL. 49.
TaBLE III—Details of time worke-Continued.
[Saint Louis, Mo., June 10, 1885. Before signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. 4 [4) t v
. h. m. 8. 8.
TBoOtIS. . iciiciavaeans E. 1.0 +0.37 —1.05 8 24 18.28 ~.02
1 Urs® Majoris -v-euu-.... 1.0 — .30 1.55 ©25 28.90. =11
a Draconig.....cevceueen.. 0.9 © ~1.05 , 2.36 43 40.40 +.02
. d Bootis.... E. 1.0 + .25 —1.11 47 35.73 +.14
4 Urs® Minoris.. . w. 0.7 —-3.08 +4.84 51 36.49 —.01
A Bootis........ . 1.0 —.20 1.48 55 24.65 +.14
p Bootis...... . L0 + .16 1.16 9 09 14.95 —.04
o« Bootis, pro.cccececnean.. ' 1.0 + .39 1.04 17 41.09 -.09
eBootis..oceovuannaa..L. w. 1.0 + .22 +1.13 22 18.53 —-. 02
Normal equation, 8. 6At—0. 6250,—1. 586a,,-2. 344¢4-22. 958=<0
Normal equation, 1  —0.073 —0.184 +0.273 4 2.669==0
Adopted @,=-272 a,=—2,61 c=+0001
Clock fast 50° 36 at 8", 88,
[Saint Louis, Mo., June 10, 1885, After signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A c t v
h. m. s 8.
& Bootis. .. . W. 1.0 +0.10 +1.20 9 53 07.36 —. 10
u! Bootis ..... 1.0 + .02 1.26 |© 10 02 22.50 +.08
« Draconis .. 1.0 | - .69 1.96 04 34.06 +.09
a Cor. Bor... 1.0 + .22 1.12 12 01.83 .00
a Serpentis..ce... .ue W. 1.0 + . 53 +1.01 20 48.42 —-.01
e Cor. Bor..... E. L0 +0.22 —1.12 34 58.80 +.01
0 Draconis .... 1.0 — .67 1.93 41 50,17 —. 01
8 Ophiuchi .... 1.0 + .67 1.00 50 27.14 —.12
o Cor. Bor.....coeeecvannan L0 + .09 L21 52 28.50 +.09
y Herculig .......... PR E. L0 + .35 { —1.06 58 56.50 +.05
Normal equation, 10A¢4-0. 180a,,+0. 660a,+-0. 230¢4-29, 270=0
N

Normal equation, 1 +0.018 +0.066 +0.023 + 2,927=0
Adopted @,=—2.72 @,=-—-2°.58 c=+4011

) Clock fast 505,70 at 10b, 45,
(274)




WOODWARD.] . DETAILS OF TIME WORK. 108.

TABLE ITI—Details of time work—Continued.

[Sﬁint Louis, Mo., June 10, 1885. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A o t v
h, m. 8.
¢ Virginis ..coeeecceane.on. E. L0 ~+4-0. 62 —1.00 13. 290 24.34 —.02
n Urs® Majoris ........... 0.9 — .30 1.55 43 33.95 —.02
nBootis ...ieeiiiiianaaa.. 1.0 + .36 1.06 49 46.62 —01
7 Virginis ....ceeveaveannn. 1.0 + .60 1.00 56 22,07 —. 02
a Draconis ...cceecaiennan- E. 0.7 —~1.05 —2.36 14 01 49.64 -—. 04
4 Urs® Minoris. ...coceue.. w. 0.3 —3.08 +4.84 09. 49.22 +.22
0 Bootis 0.8 — .30 164 21 40.83 | 4.01
p Bootis .. Lo + .16 .16 27 25.93 -~. 05
= Bootis, pr. 1.0 + .39 1.¢5 35 53.18 +.01
v Virginis Ww. 1.0 + .69 +1.00 37 34.40 +.{02

Normal equation, 8.7 at+0, 575,10, 004g,,—0, 133¢--32. 788=0

Normal equation, 1 40.066 +40.000 —0.015 4 3.769=0
Adopted a,=—0%62 A o=-0°, 62 c=+021

Chronometer fast 315, 73 at 142,12,

[Saint Louis, Mo., June 10, 1885. After signals. Observer, Woodward.}

Name of star. Clamp. | Weight. 4 g t v

' h. m. s 8.
3 Serpentis.....oceseeeenn- w. 1.0 +0.55 | +1.00 15 10 0254 | —0.02
1 H. Urse Minoris......... .6 —1.29 2.65 13 5L.90 | — .27
B COLBOTwennenenaranennnns 1.0 + .18 115 23 98.87 | — .20
a Serpentis .......ccc.e... 1.0 + .53 101 39 10.48 + .02
# Serpentis - oce.eeroeoennn. 1.0 + .67 1.00 44 11.66 | + .10
¢ Urs® Minoris. .cecee- ... w. 0.3 —3.10 | +44.87 48 44.19 | + .37
& Soorpi ..... eeeeecaenane E. 1.0 +0.94 | —1.08 54 07.52 | + .02
6 Draconis 0.8 — .07 1.93 16 00 18,50 | — .11
L0 + .67 | 100 08 5410 | —.01
. Lo, + .68 1.00 12 49.20 | + .01
7 Herculi.ocovaeenannnn.. B. 0.9 —.20 | —1.46 16 5167 | +.22

Normal equation, 9. 6At+0. 226a,,+1. 574a,+1. 273¢+27.221=0
Normal equation, 1  +0.024 +0.164 -0.133 4 2.838=0

Adopted a,,=—0° 37 a,=—0.37 c=+40"24
‘ Chronometer fast 31» 80 at 150,79,
(275)



104 LATITUDES ' AND LONGITUDES. [BULL. 49,

TABLE III—Details of time work—Continued.

[Saint Louis, Mo., June 12, 1885. Before signals. ,Observer, Pritchett.]

Name of star. Clamp. | Weight. A ] t v

k. m. s 8
7 Booti8Be.ieuianaaaas enwanne E. - 1.0 -+0.37 —1.05 8 16 21.10 +.03
7 Urs® Majoris ceeeeeeennn. ' 1.0 — .30 1.55 17 82.71 —14
7 Bootis -cecevenn.n 1.0 + .36 1.06 23 44.61 +.01

o Draconis. .. 0.9 —1.05 2.36 35 45.45 | +.02
E. 1.0 +.2 | —111 39 38,68 +.15

w. 0.7 —3.08 | 4.8 43 43.52 —-.09

.......... 1 1.0 —.2 1.46 46 27.89 | =-.10

1.0 + .16 116 9 01 17.85 +.06

.......... . 10 + .39 1.04 09 43.69 +.07

1. menen e ironneeanes w. 1.0 +.22 | 4113 14 21.30 ~.01

Normal equation, 9.6At—0. 265a,—1.586a,,-1. 284c-+-33. 801=0
Normal equation, 1-—0.028 —0.165 -0.134 + 3.521=0
Adopted a,=—0% 65 @,=~0.71 =018

Clock fast 45 67 at 8, 71.

|Saint Louis, Mo., June 12, 1885. After signals. Observer, Pritchett.] .

Name of star. Clamp. | Weight. A o ¢ v

h. m. s 8.
B Bootis....... caveenecanas w. 1.0 —0.05 | +L32 9 31 57.02 —.01
Y BoOtis cenveevieencermanen 1.0 + .22 1.13 83 561.32 +.03
S Bootis.ceeneenen ceecesee: 1.0 + .10 1L.20 45 10.34 +.07
y? Urse® Minoris .. ........ .9 —1.82 3.28 - 55 10.12 +.02
B Cor. BOTecceev.neeen eeed) WL 1.0 + .19 | 4115 57 21.64 | - —.04
vl Bg)otis cecessccccascvanse E. 1.0 —0.06 —1.33 10 01 04.06 —.03
a Cor. Bor .. ccvinenannnes,] 1.0 + .22 1,12 03 05.08 +.06
x Serpentis......... P 1.0 “4.36 | 105 17 47.66 | +.03
¢ Urse Minoris -..e....... E. 0.7 [+—3.10 | —4.87 22 23.45 - 10

Normal equation, 8.6a¢—1.178a,, —1. 650, +0. 843c+20. 956=0

Normal equation, 1 —0.137 —0.192 +40.098 4 2.437=0
Adopted a,,=—0°T74 ,=—0°65 €=+0.23
Clock fast 45 68 at 9%, 92
(276)
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\
TaBLE III—Details of time work—Continued.

{Saint Louis, Mo., June 12, 1885. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. ‘A g t v
h. m. 8. 8.
¢ Virginis..coon...on cnconns w. 1.0 —+0.62 -+1..00 13 29 22.38 +.09
n Urse Majoris ...ceaeen.-n .9 -— .30 1.55 . 43 3190 —. 02
7 Booti8..cneerennrmenann-- 1.0 + .36 1.06 49 44.59 —. 02
7Virginis. .coceeveneenca -t 1.0 - .60 1.00 56 20.07 +.04
aDIacoDis .eaeeeeenn v w. 0.7 —1.05 | +2.36 14 01 47.60 +.12
d Bootis .ccnrevnnnn cenenans E. | 10 +0.25 | —1.11 05 41.73 +.04
4 Ursse Minoris ...eccen--. 0.3 —3.08 4.84 09 50.63 —. 37
OBoOtis. .cacrennnianennn. ° 0.8 - .39 1.64 21 49.12 —. 08
pBootis..... cosmmnnee 1.0 + .16 1.16 27 24.83 —.08
m Bootis, pr...c.ecceeinnans E. 1.0 + .39 —1.05 35 52.01 +.05
: Normal equation, 8, TA+0. 575a,,—0. 4363, +0. 023¢-+11. 255=0
Normal equation, 1 +0.066° —0.050 -}-0.003 -+ 1.294=0
Adopted &, =031 @, =—0%12 v e=40%21

Chronometer fast 30s. 28 at 14%. 06.

{Saint Louis, Mo., June 12, 1885. After signals. Observer, Woodward.)
. .

Name of star. Clamp. | Weight. A ag - t v
h. m. s 8.
B Bootis ...... T e © R 0.9 —0.05 | —1.32 14 58 09.27 +.12
g Libres....... e 1.0 + .75 1.01 15 11 22.15 —.08
v Ura® Minors .coeuens ... s 0.5 —1.82 3.28 21 97.32 ~.29
8 Cor. Bor........ .. 1.0 + .19 1.15 23 37.87 +.08
v Bootis....... E 0.9 — .06 ~1.33 27 20.50 +.14 )
a Serpentis . w. 1.0 +0.53 +1.01 39 08.87 +.05
 Serpentis ..oeeeveceannn.- - Lo + .67 .00 - 44 09.86 —04 1,
¢ Urse Minoris ...ceevee.n- . 0.3 —3.10 4.87 48 43.09 +.37
d Scorpii ..... ceeenas oenne Lo + .94 1.08 54 05.25 - 07
6 Draconis....ee.eveene.nn. w. 0.8 —.67.] +1.93 16 00 16.00 -. 21

Normal equation, 8. 4At—0. 069a,+0. 6744,,—0. 090c-+-9. 409=0

Normal equation, 1 —0.008 +40.080 —0.011 --1.120=0

Adopted a,,=—0 30 a,=—0°30 c=+4014
Chyonometer fast 30 10 at 15b, 53.

(217)



106 LATITUDES AND LONGITUDES.

(BULL.49.
TABLE III—Details of time work—Continued.
[St. Louis, Mo., June 14,1885. Before signals. Observer, Pritchett.}
Name of star. Clamp. | Weight. A (4 t v
. k. m. 8. 8.
BBOOtIS coveenenrnnaercann. E. 1.0 —0.05 —1.32 9 24 07.44 +.12
Y Bootis . .oeneenaniiann.. 1.0 + .22 1.13 26 01.58 +.11
B Libr® ........ [ 1.0 + .75 1.01 37 18.49 —. 05
y? Urs® Minoris ........... 0.9 —1.82 3.28 47 21.61 +.39
B Cor. Bor............. cnes 1.0 + .19 1.15 49 31.83 —. 05
1 Boobi8.ccneineciaanannnn. E. Lo — .06 ~1.33 53 13.71 —-. 04
a Serpentis . ..ceeeriinnenn. w. 1.0 ~+40.53 +1.01 10 05 00.30 —.19
B Serpentis ....oveeeenannn. 1.0 -+ .40 1.04 07 16.45 —. 08
x Serpentis ..... e 1.0, + .36 1.05 09 56,98 —.07
¢ Urse Minoris..ceeeceenn.. 0.7 —3.10 4.87 14 31.70 —. 09
« Cor. Bor...... '1.0 + .22 112 19 11.10 —.08
o Cor. Bor. .. Ww. 1.0 + .09 | +1.21 36 40.96 +.05
Normal equation, 11, 8At—0, 588¢;,—0. 570a,,—0. 053¢-+37. 833=0
Normal equation,’ 1 —0.051 —0.048  —0,005 + 3.261=0
" Adopted a,=—0:58 a,=—0°. 65 c=-4012
Clock fast 47:. 32 at 9b, 95.
{Saint Louis, Mo., June 14, 1885. After signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A [0 t v
h. m. s
eOphiuchi.....co.aaoo.... w. Lo +0.68 +1.00 10 38 33.09 -—. 07
19 Urss Minoris ........... 0.8 —2.55 4,18 40 24,06 —.03
8 Herculis 1.0 + .31 1,08 51 33.06 +.10
o Herculis 1.0 — .10 1,36 56" 39.03 -. 04
n Herculis w. 1.0 —.01 +1,29 11 05 11.17 —, 06
xOphinchi..ceennnnnnan... E. 1.0 +0.49 —1.01 18 26.16 .00
e Herculis. ... 10 + .15 1.17 22 05.20 —.01
dHerculis ..... 1.0 + .10 1.20 23 83.27 +.08
¢Draconis ..... .9 —1.12 2.4 34 37.16 +.01
dHerculis. .coeveneenanl... ‘B. 1.0 + .26 | =110 36 28.07 +.03

Normal equation, 9.7at—1. 160a,,—~0. 0082,+-1. 398¢+-22. 477=0

Normal equation, 1

—0.120

Adopted a,,=—038

Clock fast 47+, 39 at 11b, 11,

(278)

—0.000 -+0.144 -} 2.317=0

a,=—0%, 56 e=+40419
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TABLE III—Details of time work—Continued.

[Saint Louis, Mo., June 14, 1885, Before signals. Observer, Woodward.]

. Name of star. Clamp. | Weight. A o t v
-
h. m. 8. 8.
B Urse Minoris ........... w. 0.4 —2.22 +3.77 14 51 381.75 —. 18
¥ Scorpii cevveiemaniiannn.. 1.0 4- .99 1.10 57 51.37 +.01
1T 1.0 +.22 | LI3 15 00 0111 +.09
@ BIADI® eeeennvnenrennens 1.0 +.75 1.01 11 19.67 —.06
1 H. Urse Minoris......... Ww. 0.6 —1.29 +2.65 13 48.75 +.07
y Urss Minoris.....cce.... E. 0.5 ~1.82 —3.28 21 25.34 —. 26
YIBoOtis . cceeniiieiiianae 0.9 -— .06 1.33 27 18.34 +.10
a Serpentis .....cceeevenanns 1.0 + .53 101 ¢ 39 06.88 —. 05
w Serpentis .....cc... . 1.0 -+ .67 1. 00 44 07.99 .00
¢ Urs® Minoris..c..cce.... E. 0.3 —3.10 —4. 87 48 42,52 +.82
Normal equation, 7. T4t4-0. 298a,, + 0. 694a,4-0. 030c+7. 404=0
R Normal equation, 1°  —0.039 —0.090 -+0.004 40.962=0
Adopted a,=—0°.20 @, =—0v20 e=+015
Chronometer fast 27= 97 at 15b, 32.
{Saint Louis, Mo., June 14, 1885. After signals. Observer, Woodward.]
Name of star. Clamp. | Weight, A o t v
h. m. s 8.
8 Ophiuchi .cevevnennnn.. E. 1.0 +0.67 | —1.00 16 08 50,04 +.01
e Ophiuchi .coceennan.oo. 1.0 + .68 1.00 12 45.11 —.01
7 Herculis. .......... 9... . 0.9 — .20 1.46 16 47.64 +.22
7 Draconis. ..cevaena.. o E. 0.7 — .83 —2.11 22 56.68 —.23
A Draconis ..covevemnnnn. W. - 0.6 —1.41 +2.79 28 42.82 +.30
¢ Herculis..ccaveuee..... 1.0 + .14 1.18 37 27.15 —.10
Gr. 2877 cereeienncnoennn- 0.8 — .58 1.84 43 36.95 —.15
« Ophittchi «.eveeunnennns L0 + .49 1.01 52 43.907| .01
e Herculis..ccecevennnnn. w. 1.0 + .15 +1.17 56 23.62 +.03
Normal equation, 8. 0A¢+0. 598¢,~0. 530, +1. 715¢4-6. 720=0
Normal equation, 1 +0.074 —0.066 +0.214 40.840=0
. i Adopted a ,=—0°.25 a,=—0%25 e= 0,17
Chronometer fast 27¢ 87 at 16%, 52
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TABLE III—Details of time work—Continued.
[Saint Louis, Mo., July 24, 1885. Before signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A o t )
" -
) h. m. . 8.
19 Urse Minoris...eeveue.. E. 0.8 —2.55 —4.18 8 03 45.27 +.30
n Draconis. .c.oceanoaan.. 1.0 -~ .83 2.11 12 05.12 -.25
B Herculis . .evvucennene... 1.0 + .31 1.08 14 56.65 —.07 -
¢ Ophinchi.coveeananaaoa.. 1.0 + .77 1.02 20 29.59 —.15
7 Herculis .c.ceeo.couoins . 1.0 - .01 1.29 28 34.74 —.03
« Ophiuchi..........o.... E. 1.0 + .49 | =101 41 49.51 —.16
€ Urgm Minoris........... W, | 0.6 —5.09 +7.38 47 19.36 +.34
o Herculis . .......... L 1.0 + .42 1.03 58 57.81 +.07
d Herculis .- .cc.veucenn-. 1.0 + .26 1.10 59 51.75 +.10°
m Herculis ...ccoveuaanee. Lo + .04 1.25 9 00 35.36 +. 04
b Ophiuchi....cc..o.oooae. 1.0 + .97 1.09 08 53.176 —.06
B Draconis. .....cceue.... o |'— .39 1.64 17 19.97 | +.05
a Ophiuchi..eeee.ueneuacnn. w. 1.0 + .45 | +1.02 19 06.16 +.05
Normal equation, 12.44¢—1. 310a,—1. 304, +1. 704¢4-30. 440=0
Normal equation, 1 —0.106 ~0.105 +4-0.137 4 2.455=0
Adopted a,=~0s.68 a@,=—076 ¢=—0%10
Clock fast 1m 272, 59 at 8. 76.
[Saint Louis, Mo., July 24, 1885. After signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A o t v
- LJ
\ ’ h. m. s &
3 Herqu]ia ............... Ww. 1.0 — 0.19 | + 144 9 25 41.94 —. 05
B Ophitchi coaeeeernnonn. 1.0 +' .56 1.00 27 16.79 —.05
¥ Draconis ............... 0.9 — 181 3.27 83 26.13 +.03
@ Herculis voceceencann.. w. 1.0 4 .03 | 4 1.26 41 44.86 —. 08
' E. 10 4049 | — 101 51 18,86 | —.06
1.0 4..20 ‘1.14 52 27.79 —. 14
0.3 —12.59 16.94 58 43.71 +.03
1.0 + .31 1.08 10 08 09,96 —. 04
0.9 — 1.88 3.36 12 28.24 +.05
1.0 .00 1.28 22 22.33 +.02 v
10 + .33 1.07 30 01.45 +.17
E. 1.0 + .11 | — 119 35 07.74 “+.12
Normal equation, 11. 1a¢—1. 229a,,—4. 029a,—8. 233¢--24. 965=0 M

Normal equation, 1 —0.111 —0.363 —0.742 -+ 2.249=0
Adopted a,=—072 a,=—0.69 . c=—0%.15

N . Clock fast 1= 27 69 at 9. 98.
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TaBLE III—Details of time work—Continued.

|Saint Louis, Mo., July 24, 1885. Before signals. Observer, Woodward.]

Y

Name of star. Clamp. Weight. A (4} t v
h. m. s

n'Draconis......coc.ne... W. 0.7 -0.83 +2.11 16 22 34.21 -. 07
B Herculis .....coocnuunnn L0 + .31 1.08 25 25.,76 +.04
A Draconis. ....ecevueeaan 0.6 —1.41 2.79 28 20.27 +.07
¢ Ophiuchi....ccovvvnann. 1.0 + .77 1,02 30 59.38 —-.07
Gr. 2377 0.8 - .58 1.84 43 15.57 +.09
49 Herculis W. 1.0 + .41 +1. 04 47 00.26 +.12
e Urse Minoris E. 0.1 -5.09 —17.38 57 57.08 —.36
 Ophiuehi. ... ..... _ 1.0 + .84 1.04 | 17 03 57.24 —-.22
¢ Draconis.......... - 0.6 '| -1l12 2.44 08 37.28 +.21
8 Herculis ........ 10 + .26 1.10 10 28.44 +.10
8 Ophiuchi........ - 1.0 + .99 1.10 15 07.43 -.17
a Ophiuchi...cvuneanneen. E. 1.0 + .45 | —1.02 29 45.92 +.05

Normal equation, 9.8a¢—0.401a,,+1. 859a ,+1. 301¢+10.703=0
Normal equation, 1 —0.041 40.139 -40.133 -+ 1.092=0
Adopted a,,=—030 . @, =—0.13 c=+0%.25

Chronometer fast 72,12 at 16b.88.

[Saint Louis, Mo., July 24, 1885. After signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A o t v

h. m. s 8.
6 Ophiuchi............... E. 1.0 +0. 56 —1.00 17 37 57.67 +.01
u Herculis cocevuieann. .. 1.0 + .21 1.13 42 07.63 +.18
Y Draconis ...... FOPPPR 0.5 —1. 81 3.27 44 09.61 .00
x Ophiuchi..% .. ... .. E. 1.0 +.76 | —Lo1 52 52,16 —.03
v Draconis cveeeivienennn. w. 0.8 —0.36 +1.61 54 05.06 —. 2%
72 Ophiunchi............... 1.0 + .49 1.01 18 02 03.49 +.02

o Herculis «eeeenenn.nnn. 1.0 + .20 1.14 03 12.85 +.03

w Sagittarii .............. L0 + .83 1.07 07 03.24 —. 08
7 Serpentis c.ceeeoon..... 1.0 + .66 1.00 15 31.31 —. 05
109 Herculis «.coveeeeennne. w. 1.0 + .31 | +1.08 18 57.51 +.09

Normal equation, 9. 3at+-0. 625a,-+2. 302,,+1. 813¢c+4-9. 556 =0

Normal equation, 1 +0.067 -+0.248 40,195 +-1.0275=0

Adopted a,,=—01 14 a,=—0%.14 c=+0.28
Chronometer fast 72 04 at 175, 98,
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TaBLE III—Details of time work—Continued.
[Saint Louis, Mo., July 26, 1885. Before signals. Observer, Pritchett.]
Name of star. Clamp. | Weight. A (%] t v
h. m. s 8.

€Cor.BOr cececniivannns E. 1.0 +0.22 —1.12 7 34 45.19 -+.01
B SCOrPiiceannenansianennn. : 1.0 + .90 1.06 40 40.97 +.09
Gr.2320 .0eeeeinanenannn. 0.9 —1.32 2.68 47 51.96 —.02
8 Ophiuchi .coee. ooaniaan, 1.0 + .67 1.00 50 12.98 ~.06
o Cor.BOr eccvas vanmnnnnn, E. 1.0 + .09 —L21 52 14.91 +.02
19 Urse Minoris........... W. 0.8 —2.55 +4.18 55 56 92 +.04
y Herculis ................ Lo + .35 1.06 58 43.17 —. 05
a Scorpii..cceeiaeiaaiaaa.. L0 +1.01 1,11 8 04 14.27 +.04
8 Herculis ................ 1.0 + .31 1.08 07 07.55 —. 01
o Hereulis .....cooeveiinn. W. 1.0 — .10 +1.36 12 13.46 —, 02

Normaliequation, 9. 74t+4-0. 692a,—0. 4702, +1. 152¢+19. 902==0

Normal equation, 1 = +40.071 —0.048 40.119 + 2.052=0

Adopted a,=—064 a,=—0 53 c=—0018

Clock fast 1= 30%. 02 at, 7b. 90.
[Saint Louis, Mo., July 26, 1885. After signals. Obsérver, Pritchett.)
Name of star. Clamp. | Weight. A o t v
h. m. 8. 8.

« Ophiuchi...coeniunnnanne. Ww. 1.0 -+0.49 +1.01 8 33 00.37 —. 05
.« Urs® Minoris ............ 0.6 —5.09 7.38 39 29.41 — 14
a Herculi8 c.cvvevevvennnnn. 1.0 + .42 1.03 51 08.32 —.01
& Herculis «....cavnnaann... 10 + .26 1.10 52 02.16 —. 08
= Herculis ....... eenamiana. w. L0 + .04 +1.25 52 46.00 +.10
a Ophiuchi..... cocacerannan E. 1.0 +-0.45 —1.02 9 11 16.46 +.03
B Ophiuchi.. 1.0 + .56 1.00 19 27.05 +.06
wHerculis..c..cocveeccennn 10 + .21 1.13 23 35.84 .00
£ Draconi8................. 10 — .57 1.83 33 08.79 +.07
y Draconis.....cecaeeona... E. Lo — .36 —1.61 35 31.99 —. 05

AY
Normal equation, 9. 6at—1. 844a,,+-0. 200442, 228¢c+27. 712=0
—0.192 +0.030 +0.232 + 2.887=0

Normal equation, 1

Adopted a,,=—0-. 68

\

a,=—0. 74
Clock fast 1™ 29, 96 at 8b. 77.
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TABLE III.—Details of time work—Continued.

[Saint Louis, Mo., July 26,1885. Before signals. Observer, Woodward.]

Name of star. Clamp. | Weight. 4 4] t . v

. : h. m. s 8.
¢ Ursa Minoris ........... E. 0.3 -3.10 —4.87 15 48 13.87 +.23
€COr. BOT eennvmrnennannns .0 + .22 1.12 52 5493 | .14
ODraconis .....ccveeeonn. 0.8 — . 67 1.93 59 48.62 —. 07
§Ophinchi......coueeann.. 1.0 <+ .67 1.00 16 08 24.93 | —.10
eOphiuchi .cooviveennn e, E. 1.0 -+ .68 —1.00 12 20.06 —. 06
n Draconis ....... [, Ww. 0.7 —0.83 +2.11 16 22 30.42 —.15
BHerculis ..ocovveeene.... 1.0 + .81 1.08 25 21.91 -+. 08
A Draconis .ccceeenecannn-. 0.6 —1.41 2,79 - 28 16.63 +.12
¢Ophiuchi...coerrenenn. . 1.0 +.m 1.02 30 86.52° | —.01
G 2377 ceomecnreeanaanns w. 0.8 | —.58 | 41.84 43 1170 | —.05

Normal equation, 8. 2t4-0.104a —0. 811a,,--0. 598¢4-0. 734 =0

Normal equation, 1 -+0.013 --0.099 -0.073 4-0.0895=0

Adopted aw=—0'. 24 a,=—0%2 e=-0% 10
Chronometer fast 3+ 12 at 160, 27,

[Saint Louis, Mo., July 26, 1885. After signals. Observer, Woodward.]

Name of star. Clamp. | Weight. A g t v
]

he m. s 8.
x Ophinchi..eaeeevaraneaee | W 1.0 +0.49 | +1.01 16 52 18.99 —.01
« Herculis . - 1.0 + .15 117 55 58.63 +.07
7 Ophiuchi. ... 1.0 + .84 1.04 17 03 52.97 —.06
¢ Draconis - ... . 0.6 —1.12 2,44 08 31.76 —. 02
SHercqﬁs .................. W. 1.0 + .26 +1.10 10 23.77 —. 05
B DraconiS-ceeare eaeeanna. E. 0.8 —0,39 | —1.64 17 27 56.75 —11
o Ophinchi..eeeeenaenan.... 1.0 + .45 102 | 29 41.74 +.02
8 Ophiuchi. ....... 1.0 + .56 1.00 37 53.51 —. 04
w Herculis ......... 1! 1.0 + .21 113 42 03.42 +.04
¥ Draconis.ceeeeevecanecan. E. 0.8 — .36 —1.61 .54 02.26 +.13

Normal equation, 9.24t+1.068a,,+90. 620a,+-0. 034c+1.124 =0
Normal equation, 1~ +0.116 +0.067 -+0.004 +0.1222=0
Adopted @ ,=—0°.23 a,=0.00 e=+40°20

Chronometer fast 3%, 10 at 175, 33.
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(13) Time-piece corrections and rates.—Collecting the clock corrections
and their epochs from the preceding tables, and deriving the hourly
rates of the time-pieces from equation (7) of section (9), we have the fol-
lowing Table IV :

)
TABLE IV.—Time-piece corrections, epochs, rates, etc.

‘ Chronom--
Hourly
. Chronomseter eter by
Station. Date. SorTection. Epoch. " ;'laét_e ioef;: . Bond &
: plece. Sons.
1884, m. 8. h. 8.
Oswego, Kans. .ceoeciennvannnn. August 29 —0 22.72 18.02 +0.057 | No. 187
—0 22.58 20.49
30 —0 20.76 18.08 +0.073 187
—0 20.58 20.52
i 31 | —0 18.86 | 18.19 { -+0.066 187
—0 18.71 20,47 :
September 1 —0 17.12 18. 06 -+0, 083 187 T
' —0 16.92 20. 48
2 | —0 1479 | 1811 | —0.081 187
—0 14,98 20.47
Elk Falls, Kans.....ccacn.... .- 25 | —3 49.18 20.06 +0. 052 187
—3 49.06 22.36
28 —3 44.69 20.13 +0.034 187
—3 44.62 22.16 |
October 2 -3 87.85 20,95 +0.103 187 -
-3 37,37 22,70
6 —3 28,25 20,21 +0, 042 187
—3 28.15 22,62
Fort Scott, Kans «..c.uveeee... 17 +2° 53.86 20,78 +0.055 187
+2 53.99 23.16 :
18 +2 ) 56.16 20.75 +0.077 187
42 56,33 N 22,94
19 | 42 58.47 | 20.75 | +0.125 | 187
+2 58,72 22.74
22 +3 05.58 21.11 -+0.108 187
+3 05.83 23.42
23 +3 98.94 21,02 +0.107 187
+3 09.18 23.25
Springfield, MO ceeeeeranen. ... .| Novembor 13 —0 15.17 22, 82 +0.067 187
—0 15.08 24.16
14 —0 1131 22.82 +0. 091 187 |
—0 11,20 24,03
15 —0 07.61 22,71 +0.077 187
—0 07.48 24.39
16 —0 04.58 22.81 +0. 082 187
—0 04.48 24,03
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TABLE IV, —Time-picce corrections, epochs, rates, etc.—Continued.

Chronomet Hourly | Chronom-
Station. Date. TOROmMELeT | pioch, | rate of eter by
correction. . ; Bond &
, time-piece. Sons.
1884, m. & k. 8
Bolivar, Mo..... R, vemeseen December 15 +1 32.21 2.10 +0, 258 187
+1 32.58 3.53 ’
18 +1 46.61 0.94 +90. 342 187
+1 47.13 2.46
1885,
Saint Louis, MO..vvaeeucaannn.. June 10 —0 31.73 14,12 —0, 042 187
—0 31.80 15.79
12 —0 30.28 14.06 -+0.123 187
—0 30.10 15.53
14 —0 27.97 15.32 +0.083 187
—0 27.87 16. 52
Albuquerque, N, Mex.......... July 2 | —0 07.56 14.73 ~{,073 187
—0 07.71 16.79
6 —0 07.11 14.84 0,006 187
—0 07.10 16. 58
7 | —0 06.8 | 14.77 | —0.017 187
—0 06,91 16, 58
8 —0 06.32 1491 +0.005 | 187
—0 06.31 17.11
14 —0 03.93 15.48 +0. 034 187
. | —0 o038 | 16.67
15 —0 03.85 15. 69 -+0.088 187
—0 03.77 16. 60
19 —0 02,70 15.45 +0. 025 187
-0 02.67 16. 63
Saint Louis, MO.eeeucsacanenne- 24 —0 07.12 16. 88 +0.073 . 187
—0 07.04 17.98
26 —0 03.12 16.27 +0.019 187
-0 03,10 17.33
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TABLE IV.—Time-picce corrections, epochs, rates, elc.—Continued.
) Hourly
N Clock Clock by
Station. Date. correction. Epoch. tilll;sét-gi%t;e. Howard,
1884. m. 8. h. 8
Saint Louis, Mo.....cc.-. [ August 29 —0 49.96 8.33 —0.026 | No. 225
~—0 50.00 9,90 i
30 | —0 49.59 8.42 0.000 225
—0 49.59 9.83
31 —0 49.05 8.39 —0. 038 225
—0 49,10 9.73
September 1 —0 49.25 8.32 0. 053 225
—0 49.18 9. 66
2 —0 49.00 8.2¢ 4-0. 052 225
—0 48.93 9. 60
25 ) —0 49.24 8.44 +0.071 225
—0 49.13 10. 02
28 | —0 49.49 8.22 +0.171 225
—0 49.2¢ 9.68
October 2 —0 48.05 8.35 —0. 041 225
—0 48.12 10. 07
6 | —0 49.15 8.10 —0. 024 225
—0 49.18 9.34
17 —1 12.24 8.55 —0. 009 214
—1 12.25 9.58 ]
18 | —1 13.23 8.07 —0.140 214
—1 13.37 9.07
19 | —1 13.66 8.03 | +40.073 214
—1 13.59 8.99
22 | —1 12.44 7.86 —0.010 . 214
—1 12.45 8.88
23 —1 12.30 7.79 +0.108 214
-1 12.20 8.72
November 13 | —1 03.77 7.54 —+0.019 214
—1 03.74 9,14
14 | —o0 48.88 7.37 | 40000 225
—0 48.74 8.78
15 —0 48.90 7.26 +0. 029 225
—0 48.86 8.66
16 —0 48.08 7.23 +4-0.056 225
—0 48.00 8.65
. December 15 | —0 03.20 9.01 -40.137 214
—0 03.07 9. 96
18 | —0 51.24 7.95 =-0. 009 225
—0 5125 9.12
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TABLE 1V.—Time-piece, corrections, epochs, rates, etc.—Continued.

Hourly
. Clock 4 Clock b
Stations. . Date. corrections. | Lpoch. tilfli;t-"gigf:e. Howard.
. . 1885. m. 8. h. 8.
Saint Louis, Mo...... cemaeanens June 10 | —o 50.36 8.88 —0.217 2u5
—0 50.70 +10.45
12 | —0 45.67 | 87 | —0.008 214
—0 45,68 9.92
14 —0 47.32 9.95 —0. 060 . 214
—0 47.39 11.11
July 2 —1 04.20 9.19 —0.034 214
—1 04.25 10.68
6 —1 08.45 8.93 —0.117 214
—1 08.59 10.13 .
T =1 09.49 8.87 —0,033 214
—1 09.5¢ 10.38
8 —1 10.38 8.80 —0.073 214
--1 10.49 10.31
14 -1 17.27 8.85 —0.061 214
-1 17.39 10. 82
15 —1 18.33 8.50 —0. 047 214
—1 18.40 10. 00 ' :
19 —1 22,72 8.41 0. 011 214
—1 22,70 10.21
24 —1 27.59 8.76 —0.082 214
—1 27.69 9. 98
26 —1 30.02 7.90 0. 069 214
=1 29.96 8.77

(14) Apparent differences of longitude.—In comparing time-pieces the
signals were transmitted automatically, that is, the clock at the
eastern station was made to break the circuit of the telegraph line,
which in turn broke the chronograph circuit at the®western station,
thus giving a comparison of the time-pieces on the chronograph at the
western station. Then, by reversing the operation, a comparison was
secured on the chronograph at the eastern station.

From the data given in the last table therefore the apparent differ-
ences of longitude between the field stations and Saint Louis, resulting
from the signals sent from east to west or from west to east, may now
be derived. Table V gives these differences, together with the princi-,
pal quantities on which they depend. The differences of longitude
from the personal equation work of 1885 are given in Table VL
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120 LATITUDES AND LONGITUDES. [BULL. 48:

(15) Relations of apparent and true differences of longitude and sys-
tematic errors.—In order to show the relations of the results in the last
column of the two preceding tables to the true difference of longitude
and to the systematic errors which may affect that difference, let—

T,=the eastern clock time of a signal sent to the western
station, .
T, =the western clock time of receiving that signal;
T,! =the western clock time of a signal sent to the eastern
station, ‘
T, =the eastern clock time of receiving that signal;
z,,x,=the total retardations in transmission of a signal
from the eastern to the western and from the
western to the eastern station, respectively;

Y., ¥, = the total retardations in transmission of signals from
the observers to their chronographs at the eastern
and western stations, respectively;

P,, P,=the absolute personal equations of the eastern and
western observers, respectively;
att, 4t,, 4t} , 4t,' = the apparent clock corrections corresponding ‘to
T,1T,, T/ T/, respectively;
4L =the true difference of longitude.
Then the clock corrections affected by accidental errors only are, re-
spectively: .

4at, —P, —y.,
Aat, —P,—y,,
4t/ —P, —y.,,
4t —P,—Y.,.

The corrected clock times of sending and receiving signals are, re.
spectively:
T,—4t,4P,+y.,,
I,—4t,4+P,4Y,,
T/ —4t! 4+P,+y.,
T,—4t+P,+Y,.

Now, from the signals sent from the eastern to the western station,

Mt T,— At + Pyt y,=T,— A4 Pty +o, 9
And from the signals sent from the western to tile eastern station,
4T, = A8+ Pyt Yt 0, =T, — At + P4y, (10)
For brevity put |

AN=(T, —4t,)—(T, —4t,),
A= (T, =48y —(T,' — 4,').
(292)
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Then equations (9) and (10) give
A= dho+ M) +(P,— Po)+ (4o —Y) + 3@~ ). (12)
3@, +2,)=3(dA— ). : (13)
(16) Derivation of longitude differences uncorrected for personal and in-
strumental equation.—The values of JA;, and 4A, are given in the final
columns of Tables V. These values and their half sums and half differ-

ences for the several stations and dates are collected in the following
table:

TABLE VII.-—Approximaie results for longitude differences and transmission times.

a

If now we denote by 4l the most probable value of §(4A,+4A,) for
any station, 4. e., the most probable value of the longitude uncorrected

(293)

Name of station. Date. AN, A, 3(AA24AA1) 3(AAz—AA;)
9
. 1884. h. m. & h. m. 8. h. m. s 8. 4

Oswego, Kans......... Aug.29 | 0 19 36.26 | 0 19 36.07 0 19 36.16 +0.095
30 .23 .03 13 . 100
31 .27 .06 |° 16 . 105
Sept. 1 .28 .07 17 105
2 .36 14 25 .110

Mean..eeeuenn.nn. et meaneeeameseeaneeietiaeeeaeneansaranns 0 19 36.180
Elk Falls, Kans.......| Sept.25 | 0 23 55.43 | 0 23 55.26 | 0 23 55.34 0.085
28 .64 .45 .54 ~ 005
Oct. 2 .53 .35 .44 . 090
6 .69 .48 .58 . 106

D, (2 R reeeeas . 0 23 55.475
Fort Scott, Kans.....- Oct. 17 0 18 00.38 0 18 0v.26 "0 18 o00.32 0. 060
18 .38 <29 .33 045
19 .29 .21 .25 . 040
22 .28 .20 .24 . 040
23 .40 .27 .33 . 065

Mean....coennennn g 0 18 00,294
Springfield, Mo........ Nov.13 | 0 12 19.84 | 0 12 19.74 0 12 19.79 0. 050
14 .67 .56 .61 .055
15 .67 .58 .62 . 045
16 .73 .63 . .68 . 050

MBI eeenenees e eeeoee e ee saeann sammn e eneeeann e e aannns 0 12 19.675
Bolivar, Mo .cvneunet Dec. 15 | 0 12 49.81 | 0 12 49.72 0 12 49.76 0. 045
18 .65 .60 .62 . 025

B O U PP 0 12 49.690
Albuquerque, N. Mex.| July 2 1 05 47.37 1 05 47.17 1 05 47.27 0.100
) 6 .39 .25 .32 . 0700
7 .48 ..82 .40 . 080
8 .47 .34 .41 . 065
14 .36 : .21 .28 .075
15 .49 .82 .40 .085
19 .35 .21 .28 . 070

MOAD .- enmeeeeenmnmmnenneenn e enanns e 1 05 47.337



122 LATITUDES AND LONGITUDES. [BULL. 49.

for personal equation and armature and wave time, we shall have for
any difference of longitude a series of observation equations of the form

A—3( Ahgt A1) =v. (19

Denoting the values of 4l for the several stations by the suffixes 1,
2, . . .6, we get from the last table the following series of observa-
tion equations :

Observation equations for the quantities A1.

Statior., Date. Equations. Residual. | Weight.
X
1884, h. m. & 8.
OSWEZO0 ceeccereernnsnnnnnn. Aug. 29 1al,—0 19 36.16 +4-0.01 1
30 1 - .13 —0.03 1
31 1 - .18 -40.01 1
Sept. 1 1 -~ .17 —+0.01 1
Elk Falls ccenvvennnnnnn.. Sept. 25 1a%,—0 23 55.34 —0.13 1
: o T o B Y X 1
QOct. 2 1 — .44 —0.03 1
6 1 = 88 1 o0 1
FOrt SCott ceeevevecannnnn.. Oct. 17 1als—0 18 00.32 +0. 03 1
18 1 - .33 +0.04 1
19 1 — .25 —0.04 1
2] 1 — .2 —0.05 1
23 1 - .33 +0.04 1
Springﬁeld \ Nov. 13 1a4—0 12 10.79 +0.11 1
14 1 - .61 —0. 07 1
15 1 — .62 ~0.06 0.5
. ) 16 1 - .68 | —o0.00 1
Bolivar ....ceeeesveennnaas, Dec. 15 1Al5—0 12 49.76 +0.07 0.5
18 1 - .62 —0.07 0.5
Albuquerque........cc..... J 1885. ;
uly 2 1Al:-1 05 47.27 —0.07 1
6 1 - .32 —0.02 1
7 1 - .40 +0. 06 1
8| 1 — 41 +0.07 1
i 1~ .28 —0.05 1
B 1 1 ~ .40 --0.06 1
19 1 - . .28 —0.06 i

The observation equations in the above table have been given equal
weights, with three exceptions.

The equation for November 15, 1884, has been given half weight, for
the reason that the first time determma,tlon at Springfield on that date

was imperfect, owing to partial cloudiness.

Half weight has been assigned to the equation for December 15, 1884,
because of unusually bad seeing, which was recorded both at Samt
Louis and at Bolivar. The equation.for December 18, 1884, is given
half weight on account of unfavorable conditions at Bolivar. During
the afternoon and evening of December 18 the temperature fell rapidly,
reaching—5° F. about the time of the exchangé of signals. As are-
‘sult of this change in temperature the inclination of the horizontal axis

(294)
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of the transit instrument underwent a progressive change of consid-

- erable amount. Care was taken to read the striding level for every
star observed, but the deduced level corrections were less precise than
usual. The Bond & Sons chronometer used in the chronograph cir-
cuit behaved fairly well, apparently, but the Blunt & Nichols chro-
nometer, expose:«d to a free circulation of the air, froze np and stopped.
The chronographic record was also somewhat less perfect than usual,
it being necessary to use a pencil instead of a pen, as the ink for the
latter froze. ' :

The result for September 2, 1884, in Table VII, has not been used, for
the reason that the observations at Saint Louis on that-date were made
by Mr. Ramel, whose personal equation relative to the writer has not
been determined.

Forming and solving the normal equations, and computing the prob-
able errors, there result—

h. m. 8. 8.
AL=0 19 36.1554-0.022
Al,=0 23 55.47540. 022
Al =0 18 00.29440, 020
Al=0 12 19.683+0.024
Aly=0 12 49.69040.045
Adl=1 5 47.33740.017

(17) Corrections for personal equation.—It remains now to correct the
results just derived for personal and instrumental equation, or for the
last three terms of the second member of equation (12).

As already stated in section 12 the observations for personal equation
in 1884 were all made at Saint Louis, both observers using the same in-
strument (Professor Pritchett’s). This method of determining personal
equation is not a good one. It is-inadequate to determine personal
equation proper unless the transits habitually used by the observers
are precisely alike and gives no clue in any case to the magnitude of
the quantity (y,—y,) of equation (12). However, as the primary object
of the longitude work of 1884 was the fixation of positions within the
limits of probable plumb-line defections, the method adopted for deter-
mining personal equation was thought sufficient.

Referring to pages 84 to 87 of the time work we have the following
results for relative personal equation, 4. e., for P~P, of equation (12):

e 8.
1884. August 12, P-P,= 4+ 0.01,

13, = + 0.05,
December 22, = + 0.16,
23, = + 0.23.

These results mean that Pritchett observes the transit of a star later

than Woodward.
(293)



124 LATITUDES AND LONGITUDES. (BULL.49.

If these were the only data we possess concerning the relative per-
sonal and instrumental equation it would probably be best to apply
the mean of the above results to each of the longitudes (4!) determined
in 1884. But the more complete observations made in 1885, when each
observer used his own transit and apparatus, gave so much greater a
value for the relative equation’ that we believe they should have a con-
trolling influence in deriving the correction to be applied to the longi-
tudes of 1884. .

The results obtained in the personal equation work of 1885 are given
in the final colnmmn of Table VI. These results are the values of 41, aud
424, as defined by equations (11). Pritchett’s transit was west of Wood-
ward’s 129 inches, or 05.009. On June 10, June 14, July 24, and July 26

1A considerable part of this apparent change in personal equation is undoubtedly
due to the fact that the transit key used habitually by me requires much less pres-
sure to break the circuit than Professor Pritchett’s key, which was used in the per-
sonal equation work of 1884, Through the courtesy of Prof. J. R. Eastman, U. S.
Navy, who placed his personal equation machine at my disposal, experiments have
been made to determine my absolute equation both with the small key habitually
used and with a large key of the same form and about the same stiffness of spring
as Professor Pritchett’s key. The results of these experimen{s are given in the table
below. An individual result is derived froin the times of transit over five threads
in combination with the times of the immediately succeeding transit in the opposite
direction over the same threads. The values in the fourth and fifth columns are
arithmetical means of the individual results in the corresponding horizontal lines,
and the results in the last column are differences between the means of the results
in the two preceding columns for the respective dates. The minus sign indicates
that the observer is late in recording a transit. It may be added that in making
the observations I was conscious of some difficulty in applying suitable pressure to
the large key immediately after havieg observed with the small key. This may ac-
count for the tendency shown by the results for May, 1887, to observe earlier with
the large key directly after using the small key than I did before using the small key.

Results for absolute personal cquation.,

Mean values. Mean.
Date. Key. Individual results. B
Large Small
key (1). | key (2. | W—@- |
1886. 8. 8. 8. 8. 8. 8. 8. 8. 8.
Nov.23 | Large | —.112,—.112 —.106. —0.110 —0.032
23 | Small —. 088, —., 094, —. 071, —, 059. ) —0.078
1887. .
May28 | Large | ~—.130,—,095 —. 105, —.100,—.080, —. 095. —0.101
28 | Small —. 005, —. 035, —, 010, —~, 020, . 003, —. 040, —0.017 | —0.064
28 | Large | —.060,—.085,—. 030, —, 850, —. 090. —0. 061
29 | Large | —.175,—.130,—.110,—,130,—, 100, —.105. | —0.125
29 | Large | —.110,—. 110, —. (80, —. 090. —0. 100
29 | Small —. 015, —. 010, —. 005, —, 035, —. 050. —0.023
29 | Small —. 055, —. 020, —. 040, —. 055, —. 020. —0.038 | —0.055
29 | Small | - 070,—. 030, —. 065, —. 105. ' N —0. 067
29 .| Large | —.065,—. 075 —. 065, —. 085, —.055 —.065. | —0,068
29 | Large | —.080, —.105,—,115,—, 085. —0. 099
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the time-pieces were compared at two or more epochs, so that a result
for personal equation for either of these dates depends on the epochs of
‘comparison for the same date. The values of 4A,, 4A,, their half sum
aud half difference, together with the dates and epochs, ¢, of compari-
son, are collected in Table VIIL.

TABLE VIIL.—Results of personal equation work of 1885.

[}
Local sidereal i
Date. time of com- ANy Ade F(AAFAA}) | F(AAz—ANI)
parison ¢. .
1885. h. 8. 3. : 8. s,
June 10 14.88 -+0.21 +0.19 1 --0. 200 —0.010
10 16. 40 +0. 41 0. 45 -}-0. 430 -}-0. 020
12 14.79 +0.28 —+0.30 —+-0. 290 -+4-0. 010
14 15. 50 -+0. 26 -+0.25 —+0. 255 —0. 005
14 16. 05 +0.29 -+0. 29 0. 290 0. 000
14 17.06 40.37 | +40.36 0. 365 —0. 005
July 24 16. 85 +0.31 -+0.33 0. 320 +0. 010
24 17. 53 -+0.32 +-0. 32 0. 320 0. 000
24 18.52 +0.32" | --0.34 —+0.330 -0.010
26 16. 30 +0. 52 —+4-0. 55 +0.535 +0.015
26 16.80 -40. 45 --0. 45 -4-0. 450 0. 000
26 17.22 -+0. 36 —+0.38 0. 370 0. 010

The results given in the fifth colnmn of this table for the dates when
more than one comparison of time-pieces was made show, with the ex-
ception of the results of July 24, that the rates of the time-pieces de-
duced from the observations differ considerably from their actual rates.
The discordances must be attributed in part at least to changes in per-
sonal equation, and they show clearly the desirability of having more
than a single comparison of time-pieces on any night in such work.
The most striking changes are indicated in the results for June 10 and
July 26. For reasons which will be assigned presently the results for
June 10 are less trustworthy than those of the other dates; but it may
be observed that the rate of the Saint Louis clock (see rate for June
10, Table 1V, and comparisons in Table V) is about three times as great
as would come frown the Survey chronometer through the comparisons.
The results for July 26 are likewise markedly discordant amongst them-
selves and with the results for other dates; but there is no adequate
reason for assigning them anything less than fall weight. It will be
remarked, however, that the rate of the Saint Louis clock (see Table
IV) has a sign opposite to that of its.daily rate from Jane 12 to July 26
and to the sign of its rate deduced from the comparisons with the Sur-
vey chronometer.! )

In order to derive the proper mean value of %(JA,+42,) for the
dates when two or more clock comparisons were made, we must know

11t is proper to state in this connection that Professor Pritchett has kindly taken
the trouble to verify our reduction of his observations of July 26.
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the relative weights of the individual values. Referring to equation (7)
it will be seen that the adopted correction to either time-piece at any
time 74ty is of the form—

Aty +m(dty! — Aty Y= (1—m) dt,' +mdty", (15)
in which ' :

m= m and r=t— to’.

Assuming the probable errors of 4t/ and 4t equal, the weight of the

above correction (15) is, if we assign unit weight to a single clock cor-
rection,

1

i omyom” (16)

This weight applies to the correction for one time-piece only. But since
any valae of 3(dA,+41,) involves the difference of two such corrections
and has a weight proportional to

[2—2(m~+n)+2(mi+n?)]

in which m and n are nearly equal, we may use (16) for computing the
required weights.

The epochs ¢y and ¢, are given in Table IV. Hence we derive the
following table of weighted mean values, together with the data on
which they depend : :

Data for weights and weighted mean values of $(AAa+-4d1y).

Date. | tyty | ¢ | m | w | Wdividua | WogEed) Weghts
: values. means.
1885. h. h. 8. 8.
June 10 0.7 0.4 192 +0.200 )
16 1.7 2.3 L4 | 0.47 0. 430 +0. 245 2.39
R 12 1.5 0.6 0.4 | L92 —+0.290 0. 290 1.92
14 0.2 0.2 | 1.47 -+0.255
14 0.8 0.7 | L72 -+0. 290
14 1.2 1.8 1.5 | 0.40 -+0. 365 -+0. 284 8.59
July 24 0.0 0.0 | 100 +0.320
24 0.7 0.6 | 192 +0.320
24 L1 16 L5 | 0.40 —+0.330 -+0.321 3.32
26 0.0 0.0 | 1.00 +0. 535
26 0.6 0.6 | 1.92 -+0. 450
26 Lo Lo L6 | 1.00 -+0. 370 +0.451 3.92

The mean value 0°.245 for June 10 is, for two reasons, entitled to less
weight than that assigned to it in the above table. In the first place,
the Survey transit had been mounted during the afternoon of June 10,
and its foot plates were set in cement only a few minutes before be-
ginning work. On this account the horizontal axis of the instrument
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had a less stable inclination than usual. The amount of the inclination
was s0 great at the end of the first time determination thaf it was ad-
justed by the foot screws. This adjustment is the cause of the change
of azimuth shown in the time work. In the second place, Professor
Pritchett’s clock (Howard No. 225) did not seem .to work as well as
usual. It apparently underwent a sudden change some time between
the two time determinations. Suspecting its performance was untrust-
worthy, Professor Pritchett used his other clock (Howard No. 214) in
the subsequent work. Tor these reasons we shall diminish the theo-
retical weight 2.39 of the table to 1.20 in deriving a value for the rela-
tive personal equation from the June observations.

Applying the weight just mentioned to the mean for June 10, and the
tabular weights to the mean values for June 12, June 14, July 24 and
26, we find,

~

June 10-14, 1885, 3(41,+ 41,)=+0.279 with weight 6.71.
July 24-26, 1885, 3( s+ dA;)=-0.391 with weight 7.24.

The weights of these results are so nearly equal that we may assume
them to be equal for all further purposes.

Referring now to equation (12) and introducing the above values of
3(4A24-41,) we have :

P,— Pty =Y+ 3 (#,—,) = I —0°.279, June 10-14, 1885.
=4A—02.391, July 24-26, 1885.

Here 4A=4-02009, as stated above, and as Pritchett was west of
Woodward for the personal equation work and east of him for the lon-
gitude work, the correction for personal and instrumental equation to
the longitude is

+0°.270, June 10-14, 1885,
+0°.382, July 24-26, 1885.

These results, like those obtained in 1884, mean that Pritchett ob-
serves the transit of a star later than Woodward. The mean of these
two results is

+02.326+ 05,038,

_the probable error being derived from the discrepancies between the
individual values and the mean. We shall use this mean value to cor-
rect the longitade difference of Saint Louis and Albuquerque, or 4i;
in section 16. ‘

Collecting now all the data obtained in 1884 and 1885 for relative
personal and instrumental equation, taking means of the values for
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August 12 and 13, 1884, and for December 22 and 23, 1884, and assign-
ing mean dates, we have these results :

August  12.5, 1884, +0°.030,
December 22.5, 1884, +0¢.195,
June  12., 1885, 400270,
July 25. , 1885, +05.382.

The difference batween the results of 1884 or those of 1885 is not
pgreater than may be attributed to accidental errors and to changes in
the relative equation itself. But the eonsiderable discrepaney between
the results for the two years is probably due to an actual difference in
Woodward’s equation according as he uses his own or Pritchett’s ap-
paratus. Assuming this to be the case, let z be the relative equation
when both observers use Pritchett’s apparatus and y the increase in
the equation when each observer uses his own apparatus. Then the
above results give the following system.of loosely-connected observa-
tion equations: '

z —0.030=v,,
z —\05.195=vz,
. . o4y —08.270=0;,
z4y—02.382=v,.

Giving equal weights to these equations there result

@= 02112400048,
y= 002144 02,068,
T4y =+05.326 L 05.048.

This value of x4y will be applied to the longitude differences de-
termined in 1884, 0or 44 . . . di;of section 16. It is the same as
the correction derived above for the longitude difference determined
in 1885, the only effect of the personal equation work of 1884 being to
increase the probable error.

(18) T'ramsmission times, arrangement of circwits, and instrumental
equation.—The half sum of the transmission times, or the values of
3(w,+x,) of equation (13), shown in the last column of Table VIII, are
small, being no larger, in fact, than can be safely attributed to errors
in the comparison times read from the chronograph sheets and to errors
in the adopted clock rates. The quantity ¥(x,—x,), which appears in
equation (12), may therefore be neglected as inappreciable for the per-
sonal equation work of 1885.

The half sums of the transmission times for the longitude work,
given in the last column of Table VII, require for their proper inter-
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pretation certain information as to the arrangement of the electric cir.
euits connecting Saint Louis and the several field stations. The routes
of these circuits and their approximate lengths are as follows :

Saint Louis to Oswego, Kans., via Pierce City, MO..ccovoooiioicninuan, miles.. 360
Elk Falls, Kans., via Kansas City,Mo.................... do... 479
Fort Scott, Kans., via Sedalia, Mo..ccveevienaaeoannan do... 299
Springfield, MO ... et iiee e caaaas do... 238
Bolivar, Mo., via Springfield, Mo. ..cvut coveervennanannn. do... 277
Albuquerque, N. Mex., via Kapsas City, Mo., and Pueblo, Colo.,
M8 . . e it e ceceescecsecmemencm—a .. 1,300

For the Oswego work there were repeaters at Saint Louis and at
Pierce City. For the Elk Falls work there were repeaters at Saint
Louis and Kansas City. For the Fort Scott, Springfield, and Bolivar
work there were no repeaters. For the Albuquerque work there was a
repeater at Pueblo on July 2, 14, 15 and 19, and a single circuit July
6, 7, and 8.

Taking the means of the half sums of the times contained in Table
VII and condensing the information just given we have the following
table of data pertaining to the transmission times for the several sta-
tions:

Transmission times, lengths of circuits, ete.

Average value | Number of| Approximate
Tield station. of repeaters | total length of
Uz +,). used. telegraph line.
8. Miles.
OSWEEO «eneenienrancannnn +-0.103 2 860
ElkFallg ccccveieannnn... 0. 094 2 479
Fort Scott .vovveunnnanee. 0.050 None. 299
Springfield .............. 0. 050 None. 238
Bolivar .....oivvieanannn. 0.035 None. 277
Albuquerque .......-.... 0. 082 Tl 1, 300
Albuquerque ............ 0.072 None. 1,300

The times in the second column of this table are considerable, espe-
cially for the circuits connecting Saint Louis with Oswego and Elk
Falls, wherein two repeaters were used, and for the long line from
Saint Louis to Albuquerque. In all cases these timesinvolved the sums
of the action times of three relays in addition to the action times of the
repeaters. If we assume that the transmission time of the electric im-
pulse is inappreciable in comparison with the action times of the relays,
the above results (dividing them by 5, 5, 3, 3, 3, 4 and 3, respectively)
indicate for the average action time of a relay (or repeater) intervals
varying from 02012 to 02.024.

The above data embrace all the observational evidence, at present
.available, bearing on the magnitudes of the half differences of the
(301)
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transmission times or the quantities 4(x,—x,) which affect the longi-
tude differences.

From this evidence it seems practically certain that &(x,—x,) can
not in any case exceed two or three hundredths of a second, since such
an amount would require an average difference in the action times of
the relays concerned in sending and receiving signals as great as the
total range in the average action times deduced above. For the work
of 1884 the chronograph and clock relays at Saint Louis differed some-
what from those at the field stations. In 1885 the electric apparatus
at Saint Louis was a duplicate of that used at Albuquerque, except as
to the chronograph relay. In the latter year also the common 150-0hm
main line relays used in 1884 for receiving signals were replaced by
high resistance (350-ohm) relays having short hollow cores. The action
times of these relays is considerably less than the action times of the
common main line relay ; and on account of this fact, together with the
fact that the electric apparatus of the two observers differed only in
the chronograph relays, it is thought that the quantity §(x,—x,) can
1ot be appreciable for the Albuquerque longitude. For the longitudes
determined in 1884, however, the correction 3(x,—x,) may possibly
amount to a few hundredths of a second, but as we can neither assign
its magnitude nor sign we must regard it as a source of uncertainty
and attach to it a suitable probable error. Considering, as above, that
there is appreciably no probability for an actual error of 0203 from
this source we shall be on the safe side in estimating J:02.01 as the cor-
responding probable error, since it would permit an actual error of
=4 08.05. ,

(19) Adopted corrections for personal and instrumental equation.—
Adopting 0°01 as the probable error of 3(x, —wx,) for the work of
1884, we have finally, from section 17, for the corrections for relative
personal and instrumental equation, or the last three terms of equation
(12), the following values:

For 1884: P,—P, 4 Y,— Y, + 3(x.— ®,) =+ 0.5326 £ 0,.049
For 1885: P,—P,+ y,— y,+ 3(®,— ,) =+ 0326 & (=.038

(20) Adopted longitudes.—Applying these values to the values of 4I,
given in section 16, we have for the longitudes of the several field sta-
tions or piers, relative to the pier at Washington University, Saint

Louis, these results:
West of Saint Louis.

L. m. s 8.
O3Weg0, KANS - oene oo iniin eeeen ooeen o eaeaanannnne 0 19 36.481 4-0.054
Elk Falls, Kans ... oo iiareveean oo eeneasananaan- 0 23 55.801 4 0.054
Fort Scott, Kans. ... ooiot i e iieacceee eaaean 0 18 00.620 4-0.053
Springfield, Mo .....unieet ot iieec e eereeaa e 0 12 20.009 40,054
Bolivar, MO ueeae i it it it v e eaaas 0 12 50.016 -1 0.667
Albuquerque, N. MeX. cueet voametiaeaneciecne iaceanvan -ee- 1 03 47.663 10,042

o
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The longitude relative to Greenwich of the transit pier at Saint Louis

. (1881 to 1884, hoth inclusive) has been determined by the U. S. Coast

and Geodetic Survey. The adjusted value of this longitude, given on
page 423 of the report for 1884 of the Coast and Geodetic Survey, is:

6" 00™ 49:.163.
Before the longitude of Albuquerque was observed in 1885 the pier

" at Saint Louis was moved 6 feet or 02,005 west of its former position.

Hence, by addition, we get the following values for the longitudes of
the several stations relative to Greenwich :

h. m. 8.
Oswego, Kans c.ee ceevvenn ... e 6 20 25.644
Elk Fallg, Kans .cccuu i ieaee it icimeesieccsteccetanee e nma s 6 24 44.964
Fort Scotit, KaNB «eue e cememt oie iteiee aceeean teee cee vra e eaes 6 18 49.983
Springtield, Mo........... Cresenteveeaenn LI RTITEErS 6 13 09.172
Bolivar, MO ..o et o o i e et e e e e e 6 13 39.179
Albuquerque, N. MexX. uuuiienrniiiiiiiierae ciiimecer cecvcnee ans 7 06 36.831

Probable errors are not assigned to these results, for the reason that
no probable error is given in the report of the U. 8. Coast and Geodetic

.Survey, referred to above, for the longitude of Saint Louis. If we esti-

mate! the probable error of the longitude of Saint Louis to be -0°.05
the probable errors of the above longitudes will vary from 4-0%,065 for
Albuquerque to +0°.084 for Bolivar.

1 Tn the Report for 1884 of the Coast and Geodetic Survey, page 427, the probable
errors of the adjusted longitudes of Washington and Cambridge are given as . 4-0¢.042
and 400,041, respectively. The probable error of the adjusted longitude of Saint
Louis must be somewhat greater than these values, though probably not quite so
much greater as -}-0s05,
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TABLE OF GEOGRAPHICAL POSITIONS.

(21) Collecting the weighted mean latitudes from Table 1I, convert-
ing the above longitudes from time into arc, and applying the co-
ordinates of points determined geodetically relative to the several
piers, we have the following tables of geographical positions: .

TABLE IX.—Geographical positions in Kansas.

Descriptions of points. Latitude. Longitude.

o ’ " (o] 1 "
Astronomical pier, Oswego, Labette County......ccc....c..... 37 09 59.81 95 06 24.66
Northwest corner of township 33 south, range 21,east, La-

bette County ................................................. 37 12 33.38 95 09 26.37
Southwest corner of section 6, township 33 south, range 21 east, .

Labette County...oeeeeeea i ieiee e 37 11 41.00 95 09 26.31
Spire of Methodist church, southwest corner of Second av-

enue and Tlinois strest, OSWeZ0 - -«amveeeamornaeoemaacannn, 37 10 13.24 95 06 32.11
Spire of Baptist church, southeast corner of Third avenue and

Merchant street, O8Wego .....covumieueiieniiinnaneinaiennes 37 10 09.45 95 06 22.16
Spire on cupola of school house, block 11, Oswego............. 37 10 09.00 95 06 48.64
Spire on cupola of court house, northwest corner of Sixth av-

enue and Merchant street, Oswego..... N 37 09 58.93 95 06 24.08
Spire on cupola of engine house, northwest corner of Sixth .

avenue and Commercial street, O8Wego........c.coveemaaaaa. 37 09 58.80 95 06 28.66
Astronomical pier, Elk Falls, Elk County....coucee veauenanan. 37 22 03.64 96 11 14.46
Southeast corner of township 30 south, range 11 east, Elk

L1 5 U 37 23 18.08 96 08 32.13
Southeast corner section 10, township 31 south, range 11 east,

ElE County «cuuimmeee iiiiie it cite et et tar e 37 21 33.89 96 10 49.67
Southwest corner section 10, township 31 south; range 11 east,

EIE County .t man et iicteeenraareeaaaacnaaaaan 37 21 33.83 96 11 55.21
Quarter section corner south side section 10, township 31 soutb,

range 11 east, Elk County -....cc.oeinoiiiiaieranciamaannnn. 37 21 33.82 96 11 23.45
Spire Methodist church, rortheast corner of Eighth and !

Cherokeo streets, Elk Falls....cccooeiiiiiariaaaunineniannn. 37 22 19.87 96 11 22.79
Astronomical pier, Fort Scott, Bourbon County......o......... 37 50 25.76 94 42 26.75
Spire of Congregational church, northeast corner National av- .

enue and Orange street, Fort Scott ......... e, 37 50 15.20 94 42 26,91
Spire on cupola of Central School, on square bounded by ‘

Chestnut street, National avenue, Orange street, and Jud- | * N

son street, Fort Scott ......... frene s e e e 37 50 17.28 94 42 28.19
Stand pipe of Fort Scott water works ......cceceimconioaaiean, 37 49 54.08 94 42 58.13
Flag staff in national cemetery, Fort Scott ...........cooen.... 37 49 21.14 94 41 33.04
Southwest corner of township 25 south, range 25 east, Bourbon

COUDLY -oenieii it eeas eevereen. 37 49 13.75 94 42 48.78
Southeast corner of section 31, township 25 south, range 25

east, Bourbon County........ocooiiiiiiiroiieiiiiciian e .37 49 13.79 94 41 42.71
Quarter section corner south side section 31, township 25 south, )

range 25 east, Bourbon County --.... ...ceiiiiiiieniaaaa. 37 49 13.73 94 42 15.84

R
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TABLE X.—Geographical positions in Missouri.

133

Description of points. Latitude. Longitude.
o T i o 4 "
Astronomical pier, North Springfield, Greene County ......... 37 13 15.96 93 17 17.58
Southwest corner of township 30 north, range 21 west, Greene
COUDEY eeemnecae i et ceccteieiarc i caaaaas 37 16 30.65 93 17 50.62
Quarter section corner on west side of section 1, township 29
north, range 22 west, Greene County.....ooooocuaaaiacanaa. 37 16 14.32 93 17 34.33
Flag staff on water works, North Springfield............... .| 37 14 03.26 93 17 385.36
Spire on Drury College chapel, on northwest corner of Benton
avenue and Center street, North Springfield ................. 37 13 06.66 93 17 16.74
Flag staff on Ozark Hotel, North Springfield.................. 37 13 51.56 93 17 16.69
Center of section 13, township 29 north, range 22 west, Greene
COUDEY e it iiiieeene e 37 13 10.16 9 17 08.59
Spire of Catholic church, on northwest corner of East Locust
and Webster streets, North Springfield ...................... 37 13 42.01 93 17 05.25
Southwest corner of section 7, township 29 north, range 21
west, Greene CoOMnty..cceenemrentivaire e aeieieceaeee et 37 13 385.95 93 16 34.74
Astronomical pier at Bolivar, Polk County 37 36 385.22 93 24 47.68
Quarter section corner on south side of section 12, township 33 '
north, range 23 west, Polk County ..cveeveeeeiaiineannann.. 37 36 48.25 93 25 31.45
Pinnacle on cupola of school house on north side of Locust
street, and west of north Main street, Bolivar ............... 37 37 01.87 93 24 47.75
Southwest corner section 1, township 33 north, range 23 west,
POl COUDbY .uunnrmmeean it i et veee i e e eeaaas 37 36 47.93 03 24 44.95
Southwest pinnacle on cupola of Southwest Baptist College, on
square bounded by Maupin, Mill, College, and Clarke streets,
Bolivar ......ceeuee. e emeee e eeeaeeeneeneeeeacanean 37 36 31.34 93 24 44.78
Center of dome of court houseon south side of East Main street, .
2700 D3 SN 37 36 53.38 93 24 38.00 s
Spire of Methodist church, on east side of North street, Bolivar..| 37 36 58.28 93 24 34.33
Northeast corner of township 33 north, range 23 west, Polk
COUILY - eneeemaeeaeeceraaamencaernnemsemannnamnsanceonernnns 37 87 38.25 | 03 23 35.02
TABLE XI.—Geographical positions in New Mexico.
Description of points. Latitude. Longitude.
] ’ " o ’ "
Astronomical pier at Albuquerque, N. D3 S . 385 04 32.40 106 39 12,47
Section corner to sections 17,18, 19, and 20, township '
10 north, range 3 east, New MexiC0...c.ccveueuneer vacecnnennn, 35 05 13.26 106 39 35.66
Catholic church cross, on northwest cornerof Copper avenue
and Sixth street, AlDUQUETQUE . .....evuveurerneecneracnnnn. 35 05 09.70 | 106 39 23.04
San Felipe Hotel flag staff, on the southwest corner of Gold
avenue and Fifth street, Albugquerque.........cooeevenene. .. 35 04 59.78 106 39 21.02
Armijo House flag staff, on southwest corner of Railroad '
avenne and Third street, Albuquerque .....cecccveeonene .o, 35 05 02.25 106 39 11.64
Grant Block flag staff, on northwest corner of Railroad avenue
. and Third street, Albuquerque ..........ccovuoimvicaenn.n. 35 05 03.12 106 39 11,09




